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THE SECOND INTERNATIONAL CONFERENCE ON ENDODONTICS 


HE second International Conference on Endodontics was held at the 

University of Pennsylvania during the week of June 22 to 28, 1958. The 
object of the conference was to bring together outstanding men in the field of 
endodonties, and in closely associated fields, to discuss problems of mutual 
interest. The conference was conducted along the lines of a workshop in 
order that the seventy-eight dentists attending the sessions might actively 
participate in the discussions. Dr. Louis I. Grossman was director of the 
conference. 

Drs. Gerritt Bevelander of New York, Helmut Zander of Rochester, and 
Carl-Heinz Fischer of Géttingen, Germany, presented papers on the pathology 
of the pulp and periapical tissue. The microbiology of the pulp was discussed 
by Drs. Geoffrey Slack of Liverpool, England, and Sylvio Bevilacqua of. 
Rio de Janeiro, Brazil. Focal infection and antibiotics were discussed by 
Dr. Theodore Woodward, Professor of Medicine at the University of Maryland. 
Drs. Louis I. Grossman of Philadelphia, F. D. Ostrander of Ann Arbor, Michi- 
gan, and John I. Ingle of Seattle, Washington, spoke on endodontic pharma- 
cology. Diagnosis and treatment were also discussed ‘by the aforementioned 
and by Dr. Robert G. Kesel of Chicago, Illinois. In addition, Drs. Grossman 
and Kesel discussed the history and the future of root canal filling materials. 
One of the highlights of the conference was a plea by Dr. Ingle for uniformity 
in endodontie equipment. 

The afternoon sessions were devoted to discussions of the papers presented 
during the morning sessions. The Conferees were separated into small groups 
with a group discussion leader to lead the group and a Recorder who made a 
record of the “sense” of the discussions. The Recorders gave brief reports 
each day of the conelusions reached by their groups. Films on various phases 
of endodontic therapy were presented at the evening sessions. The conference 
terminated with clinical demonstrations on television by Dr. Grossman. 
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OPERATIVE ORAL SURGERY 


EOSINOPHILIC GRANULOMA OF BONE 
Report of Three Cases, One Exhibiting Mucosal Lesions 


W. C. Mellor, F.D.S., R.C.S. (Eng.), and C. R. Stockdale, 
L.D.S. (Manc.), F.DS., R.C.S. (Eng.), Manchester, England 


OSINOPHILIC granuloma is considered to be a benign but destructive lesion 
E. of bone, although one case has been reported involving the lung. 

The condition has been reported rarely, and up to 1957 only twenty-one 
eases involving the jaws had been reported by the following authors: Green 
and Farber® (two eases), 1942; Thoma,?7 1943; Bailey and Freis,‘ 1944; Salman 
and Darlington,’* 1945; Hamilton, Barner, Kennedy, and MecCort,’® 1946; Cox® 
(three cases), 1946; Weinstein, Francis, and Sprofkin,'* 1947 ; Kaufman, 1948 ; 
Coran,® 1948; Schroff,’® 1948; Kruger, Prickman and Pugh,’* 1949; Dechaume, 
Chaput, and Held’ (three cases), 1949; Bendettini,? 1952; Taddei,*® 1953; 
Brayshaw and Orban,* 1953; and Becker,? 1957. 

Eosinophilic granuloma was first described in 1940 by Otani and Ehrlich,** 
who suggested the title ‘‘solitary granuloma of bone,’’ and also by Lichtenstein 
and Jaffe, who called it ‘‘eosinophilic granuloma’’ of bone. The latter authors 
deseribed the disease in a later article’ as a ‘‘condition affecting one, several, 
or many bones, but apparently limited to the skeleton, and representing the mild- 
est clinical expression of the peculiar inflammatory histiocytosis, Letterer-Siwe 
disease, and Hand-Schiiller-Christian disease.’’ 

Green and Farber® are of the opinion that it is a variant of hand-Schiiller- 
Christian disease. They state that microscopically the lesions show considerable 
variations which depend on the duration of the disease, the degree of destruc- 
tion of the bone, and the amount of repair that has taken place. In early 
stages the granulomatous tissue is infiltrated with large numbers of cells, most 
of which are either eosinophils or large mononucleated cells that are actively 
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phagocytic. In later stages the eosinophils are no longer present, the most com- 
mon cells being large mononucleated and vacuolated cells and exhibiting a 
fibroblastic ingrowth. Lichtenstein and Jaffe, on the other hand, state that the 
eosinophils do not disappear until the lesion has completely healed. 

According to Green and Farber, the most frequent sites of involvement are 
(1) ribs, (2) vertebrae, (3) humerus, (4) skull, (5) femur, and (6) mandible. 
In 1946 Dundon, Williams and Laipply® reviewed fifty-three cases of eosinophilic 
granuloma and found the incidence of jaw involvement to be only 5.5 per cent. 


ETIOLOGY 


The etiology is unknown. Trauma, infection, and allergy have been ad- 
vanced as causes, but it is generally agreed that the disease is not due to a 
metabolie disturbance. Hereditary and familial influences play no part in the 
incidence. Males appear to be affected more than females in the ratio of 5:1. 
The disease affects mainly children, adolescents, and young adults, although 
the ages of patients in published cases have varied from 6 months to 58 years. 
Of the fifty-three cases reviewed by Dundon and associates, thirty-four of the 
patients were less than 20 years of age, seven were 20 to 29 years of age, and 
twelve were more than 29 years old. 


DISTRIBUTION 


There may be single or multiple involvement of bones. Of the fifty-three 
eases reviewed by Dundon and associates, ten exhibited multiple bone involve- 
ment. The lesions involve the skeleton exclusively, although the lung has been 
involved in one ease.’? 


SIGNS AND SYMPTOMS 


The patient may have a low-grade fever, but general symptoms of illness 
are not common. Irritability, loss of weight, headache, and anorexia have been 
reported. 

Laboratory studies are of little help. Hematologic investigations show 
that leukocytosis may be present and occasionally eosinophilia (3 to 6 per cent 
reported by Green and Farber and 5 to 10 per cent by Lichtenstein and Jaffe). 


X-RAY FINDINGS 


The x-ray appearance does not vary much from that seen in Hand-Schiiller- 
Christian disease. If the lesions are single, they may simulate cysts, although 
there is no sclerosis of the surrounding bone. The lesions vary so much in 
appearance that they may suggest any of the following conditions: osteomyeli- 
tis, tuberculosis, osteoclastoma, myelomatosis, sarcoma, or a metastasis from 
carcinoma. There is nothing characteristic or distinctive in the x-ray appear- 
ance of eosinophilic granuloma, and diagnosis may be difficult on radiographie 
evidence alone. 
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CLINICAL FEATURES 


When the jaws are affected, exfoliation of teeth occurs. Granulomatous 
lesions may involve the alveolar mucous membrane. 


CASE 1 


A male patient, aged 31 years, was referred by his dentist for treatment of granu- 
lomatous-like lesions of the gingival tissues. 


History.—Following a biopsy, the patient was given x-ray therapy in 1951 for eosino- 
philic granuloma of the occipital bones. He received further irradiation in 1954 for lesions 
in the right parietal, squamous, and petrous temporal bones. 
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There was marked loss of alveolar bone in the 6| region. This occurred apparently 
after the extraction of the 6| three months prevoiusly. The area was covered by coarse 
granular epithelium which was extremely tender to touch. Three-quarters of the mesio- 
buccal root of 7| and the distal surface of the root of 5| was exposed. 

In addition, a gingivectomy had been carried out between | 1 and |2 three months 
previously in an attempt to eradicate a pocket. There was tenderness of the labial alveolar 
mucosa in this region and also on the lingual aspect of the ridge in the lower right third 


Examination.—The following teeth were present: 


molar region. 


Fig. 1. 


Case 1. Early eosinophilic granuloma lesion of alveolar mucous membrane in 2 | 
region and gingivectomy area in | 12 region. 


Two lesions were present in the right maxilla. One was on the labial aspect of the 
alveolus opposite the middle third of the root of 2|. This was a small raised sessile area 
with a slightly heaped-up edge and reddish center. No ulceration was evident. The lesion 
was extremely sensitive to touch (Fig. 1). The second lesion in the maxilla was an extension 
forward from the granular epithelium in the 6| region to the buccal aspect of 5 |. 

Skeletal roentgenograms revealed a large filling defect in the occipitoparietal region 
(Fig. 2). No other abnormalities of the skeleton were noted, apart from a congenital 
anomaly of the right and left first and second ribs. 


Full-mouth roentgenograms revealed the following: 


1. Loss of alveolar bone in the 6| region. The mesial surface of the roots of 7 | 
and the distal surface of 5| were denuded of bone (Fig. 3). = 


2. Marked loss of interdental bone in the 1/1 region. 
3. Some loss of the crest of the interdental bone in the 1|1 region (Fig. 3). 
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Blood Examination—A white cell and absolute eosinophil count showed polymorphs, 
80 per cent; lymphocytes, 15 per cent; monocytes, 5 per cent; and absolute eosinophil count, 


131 per cubic millimeter. 
Under local anesthesia, biopsies were performed in the 6| and 2| regions and the 


specimens were sent for histologic examination. The biopsy wounds healed uneventfully. 


A. 


Fig. 2.—Case 1. Skull radiographs showing lesions in age) 3 (A) and in the right parietal 


and occipito-parietal regions (B). 


Pathologist’s Report—Immediately subjacent to the buccal epithelium there is an 
extensive infiltration by plump histiocytes, among which lie streaky collections of eosinophils. 
The overlying epidermis shows focal thinning but no definite ulceration. Plasma cell in- 
filtration of the mucosa is present locally. Both specimens show a similar histology. 


Diagnosis.—Eosinophilic granuloma (Fig. 4). 
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Fig. 3.—Case 1. Intraoral radiographs of Has 


Fig. 4.—Case 1. Section of biopsy material showing numerous staining eosinophils. (Mag- 
nification, approximately x<700.) 
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After a further eleven months, the lesions on the labial alveolus in the 2| region 
were in status quo. He complained, however, of soreness of the mucosa palatal to 21|. The 
interdental papilla between the upper central incisors appeared to have been lost, ‘and there 
was a small nodule of granulation tissue in this region. There was also an area of granu- 
lation tissue on the gingival margin on the distal aspect of 5|. In addition, there was a 
marked loss of attachment on the distal aspect of 5 | and on the mesial and buccal aspects 
of 7|. This tooth was extremely loose. The craterlike depressions between 7| and 5| 
were lined with granulation tissue, extremely sensitive to touch (Fig. 5, A). 

The old lesion between | 1 and | 2 was extremely tender but, apart from slight hyper- 
emia, there was no sign of recurrence of the granulation tissue. 


Fig. 5—Case 1. A, Craterlike depression in the 6| region lined with granulation tissue. 
B, Active lesion on the palatal aspect 321/|1. ©, Early lesion developing on the alveolar 
mucous membrane in the | 12 region. ‘D, Lesion in the |12 region at a later date. Note 
loss of attachment of oe and |2. A rapidly progressing lesion is also present in the 321} 
region. 


In view of the scattered nature of the lesions and the difficulty in excising them com- 
pletely, it was decided to attempt to excise those areas which were most troublesome. There- 
fore, under local anesthesia, 8| and 7| were extracted and the granulation tissue associated 
with 7| and in the 6| region was ; removed. The underlying bone appeared normal. A 
Whitehead’s varnish pack was held in position over the denuded bone by two sutures. 
Teeth 854 i" were also extracted. The excised tissue was submitted for further histologic 
examination. 
Pathologist’s Report.—The lesion is covered on the external surface by squamous epi- 
thelium. The subepidermal tissue consists of large numbers of histiocytes with pale nuclei 
and eosinophilic cytoplasm. The cell borders are not clearly defined. Large groups of 
eosinophils are present. Plasma cells are also present, but less numerous. 
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Diagnosis: Eosinophilic granuloma. 

When seen two weeks later, the 876| region had healed and was asymptomatic. There 
were, however, signs of granulation tissue around the buccal, distal, and palatal aspects 
of 5|, extending into the 6| region. Nearly the whole of the distal surface of the root of 
5 | was exposed and the patient was experiencing pain from this region. Consequently, 5 | 
Was extracted and the associated granulation tissue was removed. Healing was uneventful. 


The lesions around the upper anterior teeth were actively spreading, especially on the 
palatal aspect (Fig. 5, B). There was also a new lesion on the labial aspect of the alveolus 
in the |12 region (Fig. 5, C). Eradication of these areas without removing the related 
teeth was considered impossible. 

It was decided that the patient would have to lose all his remaining teeth and that an 
attempt would be made to excise all the gingival lesions. If this failed, irradiation was to 
be considered. The radiotherapists were informed of this plan of treatment. They stated 
that while the occipital region of the skull had received almost maximum irradiation, they 
would be willing to consider irradiation of the mouth after extraction of his teeth if any 
of the lesions remained. 


Fig. 6.—Case 1. Section of biopsy material obtained twelve months after that in Fig. 4. 


Large numbers of eosinophils are still present. (Magnification, approximately 700.) 


They suggested, however, that first a course of oral cortisone should be tried to see if 
it had any effect on the lesions. Prior to the commencement of this cortisone therapy the 
patient ’s remaining posterior teeth were extracted in stages under a local anesthetic. During 
this period the lesion on the labial aspect of the alveolus progressed rapidly. There was 
extensive pocketing around |1, which was becoming mobile due to the destruction of the 
supporting bone. A rapidly spreading lesion had also appeared in the 321| region. The 
patient reported that both these lesions were extremely painful (Fig. 5, D). The patient 
was then referred for a general medical examination and, as this revealed no contra- 
indications, a course of delta-cortisone, 5 mg. twice daily, was commenced. 

After a month the lesions appeared to be less active, particularly around 12| and 32 |. 
A noticeable feature described by the patient was the reduced sensitivity of the lesions. 
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After another month had elapsed | 1, which was previously very loose, now appeared 
to be much firmer. oP 

The cortisone was maintained for five months, but after the initial improvement the 
lesions remained in status quo. The lesions were painless throughout the period. The cortisone 
was stopped after five months, and following this the oral lesions resumed their painful 
nature and became more active. In view of this, it was agreed that the patient be admitted 
for the removal of all his remaining teeth together with excision of all the lesions, curettage, 
and alveolectomy of both jaws in the four premolar regions. This was accomplished under 
general anesthesia. The lesions that were excised were sent for histologic examination. 


Pathologist’s Report.—Below the buccal epithelium, which is ulcerated in places, there 
are extensive areas’ of histiocyte infiltration with a few foci of eosinophils. A few binucleate 


histiocytes are seen. There are no mistoses and no definite indication of reticulosarcoma 
development. 


Diagnosis: Eosinophilic granuloma (Fig. 6). 
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Three weeks postoperatively. 


Fig. 7.—Case 1. 


Postoperative healing occurred uneventfully. The sutures were removed on the seventh 
postoperative day and, when seen again on the twenty-first postoperative day, the mouth 
had healed well and there was no evidence of any granulomatous lesions (Fig. 7). 

The patient was provided with post-immediate dentures, which he was able to tolerate 
without any difficulty. 
Up to twelve weeks postoperatively there had been no recurrence of any of the oral 


lesions. 


CASE 2 


A male patient, aged 6 years, was referred for treatment of a swelling of the horizontal 
ramus of the right mandible just anterior to angle. The patient had experienced only slight 
pain from the swelling. 

History.—The swelling was first noticed four weeks previously. It aontenud gradually, 
and there had been no variation in its size. A right lower deciduous molar had recently 
been extracted, but the dentist warned the parents that he was of the opinion that the 
tooth was not the cause of the swelling. There was no past medical history of note. 


Examination.—There was a diffuse swelling, about 2 inches in diameter, in front of the 
angle of the right mandible. It appeared to be attached to the bone, and the overlying 
soft tissue was freely movable. It was tender to pressure, both extraorally and in the buccal 
suleus posterior to the right lower first permanent molar. The oral condition was good; 
there was no trismus or anesthesia of the lower right lip. The patient was referred for 


roentgenograms, 


‘ 
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Radiologist’s Report—‘‘There is a radiolucent area in the right mandible extending 
from the right lower first permanent molar to the erypt of the developing lower third 
molar, and it has broken through the lower border of the mandible. The edge of the radio- 


lucent area is well defined, but there is no compact layer and no periosteal reaction’’ (Fig. 


8, A). 
A. 


Fig. 8.—Case 2 A, Lateral oblique and anteroposterior radiography of the mandible 


showing radiolucent area in the 76| region. B, Radiographs taken six weeks postoperatively 


showing rapid reduction in size of the radiolucent area in the 76 | region. 


Under general anesthesia, a biopsy was performed by way of an intraoral approach. 
The tumor appeared to consist of a soft granulomatous mass, and as much as possible was 
removed by curettage. The postoperative healing was uneventful. 

Specimens were sent for section and showed many histiocytes with several patches of 
eosinophil cells, consistent with a diagnosis of eosinophilic granuloma. 

Investigations of the blood chemistry showed no abnormalities: hemoglobin level 84 
per cent; white cell count, 5,100 per cubic millimeter; polymorphs, 61 per cent; lymphocytes, 
31 per cent; mononuclears, 5 per cent; and eosinophils, 3 per cent. 
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Further radiographs of the whole skeleton and lung fields were taken, but they showed 
no other lesions. Medical examination failed to reveal palpable liver, spleen, or lymph nodes, 


The chest was clear. 

Six weeks following the operation, the patient was seen again and additional radio- 
graphs (Fig. 8, B) showed a very striking improvement. The lesion was now much smaller, 
and the lower border of the mandible was reconstituted. The radiolucent area was much 
reduced and was being replaced by new bone. 


CASE 3 

An ll-year-old girl attended the department, complaining of slight pain and tender- 
ness over the ascending remus of the right mandible. 

History.—The pain commenced two weeks previously, and a slight swelling developed 
gradually a week later. There had been no discharge, and the swelling did not increase in 
size at mealtimes. There was a history of a blow about the face, but its location was doubtful. 
There was no previous medical history of note. 


A. 


9.—Case 3. A, Lateral oblique and anteroposterior radiographs of mandible showing 


£. 
osteolytic lesion at the angle of the right mandible. B, Posteroanterior view of mandible six 
months postoperatively showing healing of the lesion at the right angle of the mandible. 
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Examination.—There was slight swelling over the right ascending ramus of the mandible, 
just above the angle. It was 1% inches in diameter, diffuse, tender, soft, and nonfluctuant. 
The overlying skin was normal. The right submandibular lymph nodes were palpable but not 
tender. There was no paresthesia of the lower right lip. Slight trismus was present. The 
oral mucosa was normal. All teeth but the third molars were present. There was no bony 
expansion or tenderness in the lower right buccal suleus. The patient was referred for 


radiographs of the mandible, skull, and long bones. 


Radiologist’s Report‘ There is an osteolytic lesion in the angle of the right mandible 
with expansion of bone on its superficial aspect. This could be a central osteoclastoma radio- 
logically, but its deep aspect shows a moth-eaten appearance and a malignant lesion is a 
more likely explanation. There are no abnormalities in the long bones or skull’’ (Fig. 9, 4). 


Blood Chemistry.—Hematologic findings were as follows: serum inorganic phosphate, 
2.35 mg. per 100 ml.; serum calcium, 9.9 mg. per 100 ml.; and serum alkaline phosphatase, 
21 units per 100 ml. 


Fig. 10.—Case 3. Biopsy material showing large numbers of eosinophils. (Magnification, 
approximately x700.) 

Under general anesthesia, a biopsy was carried out via an external approach. The 
lesion consisted of a soft granulomatous mass which could be removed only piecemeal and 
which left a rough bony cavity. It appeared that the lesion was actively invading the bone. 
Specimens were sent for histologic examination. 

Pathologist’s Report.—The main appearance is that of masses of histiocytic cells sep- 
arated by strands of eosinophil infiltration. A few giant cells are present. Mitoses can be 
seen among the histiocytes, indicating that the lesion is actively progressing, but there is no 
definite suggestion of malignant reticulosis. 


Diagnosis: Eosinophilic granuloma of bone (Fig. 10). 

Healing following the biopsy was uneventful, and after one month all pain, swelling, 
and tenderness had disappeared. Six months later further radiographs showed healing of 
the lesion. (Fig. 9, B). Three years later there had been no recurrence. 
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DISCUSSION 


Eosinophilic granuloma has been identified as a lesion of benign character. 
It may occur as a solitary lesion or as multiple lesions, the latter being accom- 
panied by such general symptoms as anorexia and pyrexia. It involves the 
medullary portion of bone primarily, but it may also invade the cortex and the 
surrounding soft tissues. 

Faber® pointed out that eosinophilic granuloma of bone, Hand-Schiil- 
ler-Christian disease, and Letterer-Siwe disease represent variations in the 
same disease. Letterer-Siwe disease occurs in early infancy and is invari- 
ably fatal. After the age of 2 years the condition appears to run a more 
benign course. Hand-Schiiller-Christian disease is a disease of later childhood, 
starting in many eases between the ages of 5 and 10 years and sometimes 
much later. When a lesion is present in the optic and hypophyseal regions, 
it is stated to be responsible for the so-called Hand-Schiiller-Christian triad 
of symptoms—exophthalmos, diabetes insipidus, and adipose genital dystrophy. 
Hand-Schiiller-Christian disease is chronic, running a course of from ten to 
fifteen years, and death is caused by secondary involvement of the hypothalamus 
or pulmonary complications. 

The relation of eosinophilic granuloma to Letterer-Siwe disease and Hand- 
Schiiller-Christian disease is based on the presence of eosinophil leukocytes in 
the lesions. It is only on this link that they have been grouped together as 
histiocytosis with eosinophilic granuloma as the mildest form. 

The lesions in eosinophilic granuloma are often confined to a single bone, 
whereas those found in Hand-Schiiller-Christian disease are more widespread 
and in Letterer-Siwe disease the lesions are distributed throughout the skeleton 
and soft tissues, especially in the lymph nodes. 

The foam cells which are evident in Hand-Schiiller-Christian disease and 


Letterer-Siwe disease are not so obvious in eosinophilic granuloma and, if pres- 


ent, are found only when the lesions are beginning to regress. 

The general symptoms associated with Hand-Schiiller-Christian disease and 
Letterer-Siwe disease are not present in eosinophilic granuloma. Although in 
1943 Thoma’ reported a ease of eosinophilic granuloma in which diabetes insipi- 
dus was a predominant symptom, this has not been reported in any other cases 
and he suggested that it formed a link which connected the condition with 
Hand-Schiiller-Christian disease. 

As previously stated, eosinophilic granuloma is regarded as a disease of 
the young. In Cases 2 and 3 reported here, the patients were under 12 
years of age, while the patient described in Case 1 did not become symptomatic 
until the age of 26 years and the lesions in the mandible and maxilla were very 
active at the age of 32 years. In this latter case, the jaw lesions did not appear 
until some years after the primary lesions in the skull had been treated. 

Eosinophilic granuloma with oral lesions similar to those in Case 1 have 
been reported by Cox,® Sehroff,’° and Bendettini.* When oral lesions are pres- 
ent they produce destruction of the alveolar bone, gingivitis, pocketing, and 
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loosening of the related teeth. The oral lesions in Case 1 were extremely sensi- 
tive. This symptom has not been stressed in the oral lesions reported by Cox,*® 
Schroff,’> and Bendettini.* 

In Cases 2 and 3 the bony lesions produced mild painful symptoms. 

Laboratory tests are not reliable in formulating a clinical diagnosis. In- 
vestigation of the blood has resulted in eosinophilia being reported in some 
eases, but this is not a constant factor. The radiographic appearance of the 
lesions does not produce conclusive diagnostic evidence. A firm diagnosis can 
be made only by histologic examination of biopsy material. Histologic exam- 
ination, however, does not give any indication as to the stage of the disease. In 
Case 1 our findings support the view of Lichtenstein and Jaffe that the eosino- 
phils do not disappear in lesions of long standing, as repeated biopsies in Case 
1 always showed the presence of eosinophil cells in large numbers. 

Curettage of the solitary symptomless bone lesions whereby the granula- 
tion tissue is removed without bone removal appears to facilitate resolution, and 
excision of the lesions affecting the mucous membranes of the oral cavity appears 
to be the treatment of choice. The lesions are radiosensitive, but we feel that 
this line of treatment should be avoided when the jaws are involved because of 
possible postirradiation sequelae. 

The use of cortisone in Case 1 appeared to arrest the lesions and remove 
the painful symptoms, but in no way did it eradicate the lesions. When the 
cortisone was stopped, the lesions became active again and the painful symp- 
toms returned. 


SUMMARY 


Three further cases of eosinophilic granuloma are reported. One of these 
eases presented oral lesions. A search of the literature has revealed only three 
other cases in which there have been oral manifestations. 

The etiology, symptoms, and clinical features are discussed briefly, together 
with the relationship of eosinophilic granuloma to Letterer-Siwe disease and 
Hand-Schiiller-Christian disease. 

Finally, the treatment and the use of delta-cortisone in the ease with oral 
lesions are mentioned. 


The authors are indebted to Mr. S. L. Ireland, F.D.S., B.C.S.(Eng.), for permitting 
us to publish Case 2. We also wish to thank the Department of Medical Illustration, Crump- 
sall Hospital, Manchester, England, for producing the illustrations. 
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SUBMASSETERIC ABSCESS 


Louis Mandel, D.D.S., and Harold Baurmash, D.D.S., Bronx, N. Y. 


¢ Is obvious that to a large extent the course, direction, and sequelae of an 
infectious process are determined by the presence or absence of an actual or 
potential fascial space. Consequently, therapeuties of a surgical or supportive 
nature must be based upon a firm mental grasp of the anatomic considerations 
of such fascial spaces and the implications involved in the dissemination of 
such infection. Under these circumstances it becomes mandatory, prior to the 
relief of objective and subjective complaints, for the surgical practitioner to 
ascertain anatomically the precise area containing gross pus. 

Acute suppurative swellings of the facial regions, although quite dis- 
turbing to the patient, show a tendency toward localization. This characteristic 
of localization is well exemplified by the relatively infrequent and at times 
diagnostically perplexing submasseteric abscess. In the submasseterie area, 
the heavy confining muscular and fascial sheaths are attached to periosteum 
and bone. Thus, with the muscle and fascia acting as a delineating wall limit- 
ing the anatomic spread of suppurative material, only the occasional perfora- 
tion of the muscular and fascial girdle will result in further contiguous dis- 
semination of infection from the submasseterie 


ANATOMIC CONSIDERATIONS 


In order to comprehend the clinical characteristics and behavior of an 
abscess involving the submasseteric area, an anatomic review of the fascial 
spaces of the head is necessary. Coller and Yglesias,* writing on the subject 
of fascial spaces, described three muscular fascial spaces of the face—the space 
of the body of the mandible, the masticator space, and the parotid space. Sub- 
sequent workers*® have added much knowledge concerning these spaces and 
their boundaries. 

The superficial layer of the deep cervical fascia splits to envelop the 
trapezius, sternocleidomastoid, and suprahyoid muscles in the neck, extends 
upward enclosing the submaxillary gland, and is attached to the lower border 
of the mandible. Here it divides again, with the superficial layer attaching 
to and reinforcing the anterior and lateral surfaces of the body of the mandible 
while the inner layer fuses with the medial aspect of the body of the ramus. 


_ From the Department of Oral Surgery, School of Dental and Oral Surgery, Columbia 
University. 
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The adherent oral mucoperiosteum overlying the alveolar portion of the man- 
dible completes the space of the body of the mandible which extends from the 
symphysis to the third molar area. 

The masticator space includes an area which contains the masseter, tem- 
poralis, and external and internal pterygoid muscles, the ramus of the mandible, 
the zygomatie arch, and their associated structures. It is formed by the facial 
extension of the superficial layer of the deep cervical fascia which splits at the 
inferior border of the ramus and envelops the masseter muscle laterally and 
the internal pterygoid medially. From the anterior and posterior boundaries 
of the mastiecator space, the fused fascia extends superiorly and is attached 
laterally to the entire length of the zygomatic arch enclosing this bony struc- 
ture. At the upper boundary of the zygomatie arch, the fascia divides, form- 
ing a triangular space, and fuses again at the apex of this fascial union. The 
fused layer of fascia is continued over the temporalis muscle, inserting into 
the periosteum of the temporal bone at the superior border of the masticator 
space, thus forming the compartment known as the temporal space. On the 
medial surface of the ramus the outer layer of the deep cervical fascia also 
splits to invest the external pterygoid muscle. According to Shapiro and his 
co-workers,® ‘‘The masticatory space is thus bounded on all sides by layers of 
fused fascia and is limited inferiorly by the inferior surface of the ramus of 
the mandible, anteriorly by the anterior borders of the masseter, pterygoid and 
temporalis muscle and anterior border of the ramus, superiorly by the superior 
portion of the temporalis muscle at its attachment to the temporal bone, 
laterally by the lateral border of the masseter muscle, medially by the medial 
border of the internal pterygoid muscle.’’ 

The parotid space, the third space of the face, contains the parotid gland 
and associated nerves and blood vessels. The parotid gland lies lateral to the 
masseter muscle and extends posteriorly behind the ramus of the mandible and 
medially between the ramus and the internal pterygoid muscle. The space is’ » 
formed by the outer layer of the deep cervical fascia which invests the mas- 
seter and splits at the lower border of the parotid gland to form the resistant 
parotidomasseterie fascia. This fascial layer covers the gland externally and 
is in continuity with the investing layer of the deep cervical fascia which 
overlies the sternocleidomastoid muscle. The deep portion of the split fascial 
layer is located next to the parotid gland medially, between the gland and the 
masseter muscle. 

One might be led to expect that an infection of any part of the masticator 
space or parotid space would be followed by involvement of the whole area. 
However, the fact that this does not occur indicates that these spaces are 
further subdivided into compartments having little or no connection with each 
other. 


SUBMASSETERIC SPACE 


Most textbooks’ * indicate that the insertion of the masseter muscle is 
along the entire lateral aspect of the ramus. This is at variance with the 
findings of those anatomists® and surgeons who have stripped the masseter from 
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the ramus and, in so doing, have noted the superior half of the lateral aspect 
of the ramus devoid of any masseteric muscular insertion. Consequently, a 
potential space for the accumulation of pus would seem to be present. Bransby- 
Zachary’s? anatomie dissection has indicated that such a submasseterie space 
does indeed exist. In further support, Blair and Padgett’® and Gardham™ 
have pointed out the necessity of looking for an area of subparotitie pus ac- 
eumulation when no purulence is found in the gland upon incision for an acute 
parotitis. 

With these findings in mind, a well-defined anatomic space can be outlined. 
Anteriorly, the submasseteric space is bounded by the inner surface of the 
masseterice fascia as it sweeps around the anterior aspect of the masseter muscle 
and ramus. In this area, it is in close relationship with the retromolar fossa. 
Posteriorly the space is bounded by the fibrous parotidomasseteriec sheet,” *? and 
laterally it is bounded by the fibers of the masseter muscle. Medially, the 
periosteum of the lateral aspect of the ramus is found. Inferiorly it is limited 
by the insertion of the masseter muscle along the inferior half of the ramus, 
and superiorly it is in communication with the superficial temporal space. The 
submasseterie space, therefore, exists as a narrow cleft extending from the 
anterior border of the ramus between the masseter muscle and the lateral 
surface of the bone, backward and slightly upward to its posterior limitation 
by the fibrous sheet present at the posterior aspect of the ramus. Consequently, 
in its posterior relationships, the space is in close proximity to the parotid 
gland, separated from it by only a muscular layer laterally and a fibrous wall 
posteriorly. 


MODE OF INFECTION 


Several routes to infection and accumulation of pus in the submasseteric 
space are possible. Most frequently, the origin of an abscess involving the 
submasseterie space is the result of an infectious extension from the third molar 
area. Bransby-Zachary? pointed out that backward extension into this space 
tends to occur as a result of a pericoronitis associated with a third molar posi- 
tioned in a vertical or posterior oblique fashion. The posterior aspects of the 
follicle and the crown of these teeth may lie beyond the insertion of the 
buecinator muscle along the alveolar ridge and thus be in close relation to 
the submasseteric space. On the other hand, when the third molar is normally 
placed, or in an anterior oblique position, the area of infection lies in front 
of the insertion of the buccinator muscle and anterior border of the masseteric 
fascia (anterior wall of the submasseteric space). Thus, these two existing 
anatomic walls act to discourage the backward extension of infection. 

Infection of the masticator space and its subdivision, the submasseteric 
space, may also originate from an osteomyelitis of the zygomatic or temporal 
bones.?** In addition, involvement may result from perforation of muscular 
and fascial walls lining the space of the body of the mandible, the parotid 
space, or the lateral pharyngeal space, or it may be the result of the introduc- 
tion of pathogenic organisms during an injection.® 
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CLINICAL ASPECTS 


Because the submasseterie space is small and constructed with no natural 
anatomie outlet, the onset of an abscess is rapid and the symptoms are severe. 
A large diffuse extraoral swelling may be visible involving the region of the 
masseter muscle (Figs. 1 and 3). The swelling is associated with pain of a 
deep-seated nature and is most marked over the posterior aspect of the ramus. 
This is a result of the tension exerted by a gross collection of pus in a limited 
anatomie space. The development of a marked trismus following the involve- 
ment of the overlying masseter muscle is a consistent feature (Fig. 3, B). 
Malaise, toxemia, and high temperatures are usually concurrent findings. 

Since no normal anatomie pathway exists for drainage of an abscess of 
the submasseterie space, some patients will present themselves with a pro- 
tracted history of a relatively painless diffuse extraoral swelling with trismus. 
With the advent of antibiotics, the marked systemic effects of such infectious 
processes have been quantitatively decreased. 


Fig. 1—Case 1. Submasseteric space abscess. Four-week diffuse swelling of the left 
Se yocsaae tea A pericoronitis from a distally angulated lower left third molar was 

Ai times, an abscess of this space may point at the anterior border of the 
masseter muscle, forming a prominence externally or intraorally in the pos- 
terior buecal area. On the other hand, the submasseterie space is in close 
relationship to the parotid gland, being separated from it only by a fibro- 
muscular sheet. Therefore, an abscess pointing posteriorly may mimic the 
appearance of a deep parotid abscess or actually produce a true acute parotitis 
as a consequence of perforation of the intervening fibromuscular barrier. 


DIFFERENTIAL DIAGNOSIS 


Because of the close relationship, the clinician frequently may find it 
difficult to determine whether he is dealing with an abscess of the submasseteric 
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space or of the parotid gland. To aid in reaching the proper conclusion, 
several criteria are available. 

An accurate and detailed history as to the onset of symptoms will be of 
valuable assistance in differentiation. As a rule, infection of the submasseteric 
space originates from an unerupted mandibular third molar with an associated 
pericoronitis. Less frequently, the etiology may be an osteomyelitis of the 
zygomatie or temporal bones, infection from a mandibular first or second 
molar, or perforation from an adjoining fascial space. 

Patients suffering from an acute parotitis usually have a history of pre- 
vious parotid problems or have been exposed to factors favoring an ascending 
infection along Stensen’s duct (dehydration, poor oral hygiene, decreased re- 
sistance, and inadequate mastication). The postsurgical patient, the debilitated 
patient, and the patient who is going through a protracted febrile state exhibit 
these factors which predispose to such an ascending infection. 

Physical examination also can be used as a guide in differential diagnosis. 
In a submasseteriec abscess, the postmandibular sulcus is obscured only sec- 
ondarily and relatively late by the associated inflammatory edema, while this 
depression is obliterated early in the development of an acute parotitis. As 
a result of the primary involvement of the masseter muscle, trismus is an earlier 
and more prominent feature in infection of the submasseterie space. Further- 
more, palpation will indicate that the point of greatest pain in a submasseteric 
abseess is slightly anterior to that found in the presence of a parotid abscess. 

Intraoral examination is of great value. The presence or absence of a 
dental focus as well as suppuration in the retromolar fossa may be ascertained. 
The saliva in a submasseterice abscess is normal, whereas in an acute parotitis a 
purulent discharge from the orifice of Stensen’s duct is apparent early in the 
development of the pathology. 

Conventional radiographs may be useful in diagnosing the presence of 
infected teeth or pericoronal osteitis. They are of little use in diagnosing the 
parotid abscess. However, sialographic techniques may be utilized as an aid in 
differentiating the submasseteric abscess from the parotid abscess. Definitive 
diagnostic information may be gleaned from accurate sialographie studies, and 
in this respect sialography is of inestimable value. 


SIALOGRAPHY 


Sialography may be defined as the introduction of a radiopaque contrast 
medium into the ductal system of a major salivary gland as a means of 
radiographically visualizing the ductal pattern. The major contraindication 
for sialography is the presence of an acute parotitis. Therefore, prior to the 
introduction of the contrast medium, the subsidence of the acute parotid 
symptoms with the disappearance of any gross purulent discharge must be 
awaited. 

As will be recalled, the gross development of purulent material within the 
confines of the submasseteric space is favored because of the resistance to the 
spread of infection offered by the surrounding fascial and muscular walls and 
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hy the absence of a normal anatomic outlet. Inevitably, the lateral wall of 
‘he masticator space, the masseter muscle, is distended and displaced laterally. 
With it, Stensen’s duet, which horizontally crosses the lateral aspect of the 
masseter musele and the anterior portion of the superficial lobe of the parotid 
vland which lies on the lateral posterior aspect of the same muscle, is displaced 
in a lateral direction. Winsten and associates,’ after statistically studying 


A. 


B. 


Fig. 2.-Case 1. Submasseteric space abscess. 
, A, Anteroposterior sialogram. Distance between ramus and most lateral portion of Sten- 
sen’s duct measures 20 mm. Note pooling of contrast medium in accessory parotid gland. 


B, Lateral-view siaiogram. Arrows indicate pooling of sialographic medium in accessory 
— Lower third molar was extracted subsequent to the onset of the submasseteric 
sialograms, state: ‘’Radiographically when on a true anterior-posterior view 
any part of the main duct is more than 15 mm. from the lateral margin of the 
ramus of the mandible, a mass medial to the duct or anterior portions of the 
gland is to be suspected.’’ A submasseterie abscess may be considered to be 
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such a mass, since it will exert similar effects. Thus, the parotid ductal pattern 
in a submasseterie abscess will show no changes other than the lateral displace 
ment. Subsequent to an acute parotitis, sialography will testify to marke 
ductal irregularities and pooling of the contrast medium into the surroundin: 
glandular parenchyma without lateral ductal or glandular displacement. 


A. 


~ 3.—Case 2. Submasseteric space abscess. 
Three-week swelling of the left parotidomasseteric area. The patient had had an in- 
tected* iower left second molar removed just prior to the onset of the present swelling. 
B, Maximum opening ability resulting from involvement of masseter muscle. 


These positive changes of the anatomic relationship of Stensen’s duct to 
the lateral aspect of the ramus have been substantiated in the sialographic 
studies of two cases observed by us (Figs. 2, A and 4, A). In one a distance 
of 20 mm. separated the lateral aspect of the ramus from the most lateral 
aspect of the parotid duct (Fig. 2, 4), whereas in the second case a distance 
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if 24 mm. existed (Fig. 4, A). In both eases, an unexpected finding of some 
signifieance revealed the pooling of contrast medium in the region of the 
\ecessory parotid gland (Figs. 2 and 4). The demonstration of accessory 
parotid glands is a frequent occurrence in sialographie studies. The accessory 
parotid gland represents small glandular aggregates, situated on the lateral 
ind superior aspects of the masseter muscle. Pooling in sialographie studies 


A. 


Fig. 4.—Case 2. Submasseteric space abscess. 
_ A, Anteroposterior sialogram. Distance between ramus and most lateral portion of Sten- 
sen's duct measures 24 mm. Pooling of contrast medium in accessory parotid gland is visible. 


B, Lateral-view sialogram. Note pooling of radiopaque solution in accessory parotid 
sland (arrows). In addition, some posterior displacement of the ductal system has resulted 
from pressures exerted on the body of the parotid gland by the abscess. Note socket of miss- 
ing lower second molar with superimposition of orally placed excess contrast solution. 


is a reflection of duetal and parenchymal destruction. The contrast medium 
will pool out into the surrounding glandular parenchyma at the point where 
infeetion has destroyed the limiting ductal wall. 
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Without pathologic material from a surgical excision or autopsy material, 
an exact interpretation of the sialographie findings in these cases cannot be set 
forth. Nevertheless, anatomic conjecture is of some value and would seem to 
give a satisfactory explanation for the involvement of the accessory parotid 
lobe. According to Bransby-Zachary,? the lateral wall of the submasseteric 
space is formed by a relatively thin layer of the middle portion of the masseter 
musele. The accessory parotid lobe lies on this middle part of the masseter 
musele and is separated from the submasseteric space by the thinnest sub- 
division of the masseter muscle. Therefore, it would not be unlikely that 
infection of the space might penetrate through the thin fibromuscular barrier 
and secondarily produce moderate infectious involvement of the adjacent 
accessory lobe. Such an oceurrence would then be refleeted by pooling of 
contrast media in this area (Figs. 2 and 4+). The body of the parotid gland 
itself would not be as susceptible to involvement because of the heavier fibro- 
musclar barrier provided by the parotidomasseteric fascia and the masseter 
muscle, which intervenes at this point between the submasseterie space and 
the body of the parotid gland. 

Another possible explanation for the secondary infectious involvement of 
the accessory gland lies in the fact that infection may migrate along venous 
and lymphatie pathways. Anatomically, the existence of such efferent channels 
ean be demonstrated originating in the submasseteriec space and perforating 
the masseter muscle and accessory parotid gland laterally. 

However, the possibility of gross involvement of the parotid gland is 
always present. Frank penetration of infective material through the posterior 
wall of the submasseteric space to involve the parotid gland, as it turns around 
the posterior aspect of the ramus, will lead to an aeute parotitis. Clinical 
findings will give supportive evidence for sueh a conelusion. In such a ease, 
sialographie studies will testify to the existence of extensive parotid ductal 
destruction as well as lateral ductal displacement. 


TREATMENT 


With the onset of a submasseteric abscess, therapeutic management requires 
early incision and drainage. No other treatment plan ean afford the rapid 
relief of subjective and objective symptomatology. The utilization of supportive 
therapy, such as antibiotics, removal of any existing and offending infective 
dental foci, intraoral lavage, rest, ete., is of minor consequence as long as gross 
pus in the submasseteric space remains. Any treatment plan other than early 
drainage serves only to prolong the distressing manifestations suffered by 


the patient. 

Bransby-Zachary? advocates an intraoral approach for incision and drain- 
age of these abscesses. A vertical incision of not less than 3 em. is made along 
the anterior border of the ascending ramus from the coronoid process to the bue- 
eal suleus opposite the mandibular second molar, with the blade kept on the ex- 
ternal oblique line. With the index finger of the left hand, the cheek is pulled 
away and the external oblique line is identified. A hemostat is then inserted into 
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he wound and passed backward, keeping close to the external surface of the 


ramus. The instrument will usually engage the submasseterie space at a 


lepth of approximately 2 em. 

Extraoral incision and drainage may be earried out with a curved incision, 
hind and below the angle of the mandible, just as for a parotid space abscess.* 

Supportive therapy includes the use of antibiotics to ameliorate systemic 
ffects and to discourage further dissemination. Heat, in the form of hot 
intraoral lavages or hot wet extraoral packs, is to be applied to promote 
drainage. The patient must be watched carefully for the duration of the acute 
symptoms. Nursing eare, rest, and adequate fluid intake are required to 
maintain the patient’s resistance, to encourage localization, and to prevent 


rupture into adjoining fascial spaces. 


SUMMARY 


The role that the fascial spaces play in facial infection has been diseussed. 
The anatomy of fascial spaces of the face and the presence and boundaries of 


the submasseterie compartment have been outlined. 

The origin of infection in the submasseterie space and the sequence of 
events secondary to their infection have been discussed. 

The relationship of this submasseterie space to the parotid gland has 
been considered. The differential diagnosis involved in separating an infection 
of this space from an acute parotitis has been reviewed. Emphasis has been 
placed on the never previously discussed sialographie findings associated with 
a submasseterie abscess. Definitive sialographie findings disclosed the presence 
of a laterally displaced Stensen’s duct and secondary infectious involvement 


of the aecessory parotid gland. 
Treatment should be aimed at early incision and drainage. 
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SIALOLITH AND OSTEOID OSTEOMA 


Jerome C. Stoopack, Captain (DC) USN* 


ARGE stones within the substance of the submaxillary gland proper ean, in a 
great many eases, be excised intraorally without sacrificing the gland. The 
accompanying pain, swelling and infection are usually completely relieved upon 
removal. In the ease to be reported, the stone was removed intraorally and the 
postoperative course was entirely uneventful. Within four days the patient was 
able to resume a regular diet with no discomfort. 

A coneurrent central, cireumscribed, asymptomatic, radiopaque mass in the 
body of the left mandible was also present. It was described microscopically as 
an osteoid osteoma. There was no significance attached to the concurrent appear- 
ance of these lesions. 


CASE REPORT 


A 25-year-old man presented on Jan. 11, 1954, with pain and swelling in the left sub- 
mandibular region. Three weeks previously he had noted recurrent swelling and discomfort 
in this area after meals. One week later he developed left frontal headaches of a severe, 
throbbing nature associated with pain in the left ear plus pain and tenderness over the left 
cheek. Then, about one week previous to presentation, the submandibular edema developed 
and did not regress. This time it was associated with severe, sharp pain and inability to tol- 
erate a normal diet. The patient stated that he had lost about 6 pounds during this period. 
There was no history of similar attacks previous to this one. 

He was admitted on Jan. 12, 1954, with a diagnosis of acute sialadenitis of the left sub- 
maxillary gland. 

Past History.—The patient took part in contact sports, such as football and boxing, 
and remembers being struck on the jaw many times. 


Examination.—Examination of this somewhat obese, normally developed Negro man re- 
vealed a tender, brawny mass in the area of the left submaxillary gland (Fig. 1). He was in 
obvious distress and pain, although he did not appear acutely ill. 

The tonsils were enlarged and cryptic; however. there was no lymphadenopathy and the 
neck was supple. The rest of the general examination was negative. 

The previously noted swelling could be easily palpated in the floor of the mouth. The 
submaxillary duct was raised, and the excretory papilla was inflamed. 

The duct was probed, and it was patent as far as the probe could be passed. A great 
deal of mucopurulent material was evacuated by massage. Nome temporary relief was afforded 
by this procedure. 

— *Head of Oral Surgery Department, U. S. Naval Dental Clinic, Navy Base, Brooklyn, New 
ork, 


The opinions and conclusions contained herein are those of the writer and do not neces- 
sarily reflect the official views of the Department of the Navy or the Department of Defense. 
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The teeth were in good repair. However, there was some formation of salivary calculus 
on the lingual surfaces of the lower anterior teeth and on the buccal surfaces of the upper 


molars. 

The rest of the oral and local examination was negative. 

Radiographic Examination.—Mandibular occlusal views and extraoral mandibular series 
revealed the presence of a salivary stone about 1.5 cm. in diameter, apparently within the 
substance of the left submaxillary gland (Fig. 2). 


lig. 1.—-Preoperative photograph showing the swelling in the left submandibular area. 


* 


. Fig. 2.—True lateral radiograph with duct probe in place. The calculus can be seen about 
5 mm. from the end of the probe. The left central mandibular lesion can also be seen below 
the probe in the first molar area. 


There was also an area of increased density in the left mandibular first molar area at 
the apex of its distal root. It was completely circumscribed by a thin area of relative radio- 
lucency which, in turn, was bordered by well-outlined cortical bone (Fig. 2). Periapical views 
disclosed it had no apparent association with the molar. 
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Laboratory Findings.—Blood studies, including blood cell counts, chemistries, and serol- 


ogy, were essentially negative. Urinalysis was negative. 

and Treatment.—High-ealorie protein and liquid diet was ordered, along with 
consisting of 300,000 units procaine peni- 
Good oral hygiene was stressed. 


Course 
sedation, if needed, for pain. Antibiotic therapy, 
cillin with 500 mg. streptomycin twice a day, was started. 
During this period, vitality tests of the lower left first molar were performed and reported as 


normal. 


| | 
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Fig. 3.—Postoperative photograph of calculus which was removed in pieces. 


The pain was relieved and the patient was more comfortable on the fourth day. Prophy- 


laxis was performed, and the patient was scheduled for operation. Antiseptic mouthwashes 
every three hours were started one day preoperatively. On Jan. 18, 1954, following Demerol, 
Nembutal, and atropine sulfate premedication and under Xylocaine and epinephrine block an- 
esthesia, the salivary stone was removed intraorally. The tongue was retracted and, as an as- 
sistant pressed upward on the external surface of the gland, an incision was made in the floor 
The stone was located and exposed by blunt and 
ones 


of the mouth over the gland on the left. 
carefully removed in several large pe and some smaller 


sharp dissection. It was 
but none 


The area was then carefully explored for additional or residual calculi, 
The incision, which was about 2.5 em. in length and parallel to the 
was then closed with several well-placed 000000 Dermalon 


(Fig. 3). 
could be demonstrated. 
lower border of the mandible, 
sutures, Bleeding was minimal. 


The postoperative course was uneventful except for some pain on the first and second 


days, which was controlled adequately by sedation. 
The penicillin and streptomycin therapy was discontinued after three days. On the 


fourth day, the patient was able to tolerate a regular diet with no discomfort. The sutures 


were removed on the fifth day, at which time salivary flow was normal and the submandibular 
Therefore, operation was scheduled for excision of 


edema had almest completely regressed. 


the mandibular lesion. 
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On Jan. 26, 1954, following administration of the same premedication and anesthesia as 
used previously, the left mandibular central lesion was surgically excised (Fig. 4). A vertical 
neision was carried inferiorly from the gingival margin in the first premolar area to the 
mucobueeal fold. The superior portion of this incision was then carried posteriorly around 
the necks of the premolar and molar teeth and the mucoperiosteum was elevated, revealing the 
‘xternal surface of the lateral cortical plate. By means of the dental drill, surgical burrs, 
mallet, and chisel, the mandibular lesion was exposed and enucleated in one piece (Fig. 5). 


Fig. 4.—Preoperative view of the left mandible showing the central mandibular lesion. 
It appears not to be intimately associated with the apex of the distal root of the lower first 
molar. The lamina dura of the distal root appears to be unbroken and normal. 


Fig. 5.—Postoperative view of the growth. = 4 


The bony edges were smoothed, the area was débrided, and the incision was closed with 
900000 Dermalon interrupted sutures. The specimen was sent to the laboratory for micro- 
scopic diagnosis. 

Results.—As in the first operation for removal of a sialolith, the postoperative course was 
uneventful except for some edema which regressed in four days. Postoperative pain was min- 
imal and was adequately controlled by Demerol sedation. Hot moist packs to the jaw every 
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three hours for three days were employed to alleviate the edema. Procaine pencillin, 300,000 
units twice daily for three days, was administered prophylactically. Regular diet was resumed 
on the second day. Sutures were removed on the fourth day, and the patient was discharged 
to full duty on Feb. 3, 1954. 

He was seen as an outpatient every two weeks for three months following discharge. 
There were no further complaints about either condition, and vitality tests of the lower left 
first molar were normal (Fig. 6). 


Fig. 6.—Postoperative left lateral oblique radiograph. Since the first molar gave normal 
vitality tests, it was not sacrificed. 


Fig. 7.—Low-power photomicrograph of the central mandibular lesion diagnosed as an 
osteoid osteoma. It contains a small nidus of moderately vascular, loose connective tissue sur- 
rounded by small irregular fragments of osteoid. This, in turn, is surrounded by layers of 
dense sclerotic bone, which is seen on the left. (Magnification, x100; reduced \.) 
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Microscopic Report.—Examination of the bony tissue revealed that it contained a very 
small nidus of moderately vascular, loose connective tissue surrounded by small irregular 
fragments of osteoid. This, in turn, was surrounded by layers of dense sclerotic bone (Figs. 7 


and 8). 


Diagnosis: Osteoid osteoma, 


Fig. 8.—High-power photomicrograph of the area shown in Fig. 7. The loose, moderately 
vascular connective tissue is again seen, surrounded by the dense newly forming sclerotic bone. 


(Magnification, «200; reduced i.) 


SUMMARY 


A ease of sialolith of the submaxillary gland with a coneurrent osteoid ; 
osteoma of the mandible has been presented. 

No significance was attached to the concurrent appearance of both lesions. 

The osteoma may have been the result of a repair process following mandib- 
ular trauma during either a boxing match or a football game. There was some 
diseussion with the pathologist as to whether the mandibular lesion might have 
represented condensing osteitis or cementoma. However, because of its apparent 
separation from the apex, the asymptomatic and negative history except for 
physieal trauma, the normal vitality tests, and the microscopic appearance, the 
diagnosis of osteoma was confirmed. 

In many eases of sialolith of the submaxillary gland, the lesion may be 
enucleated intraorally without unnecessary sacrifice of the entire gland. The 
submandibular sear resulting from the extraoral procedure is thereby also 


avoided. 
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EXODONTIA 


INCIDENCE OF EXTRACTION AT THE UNIVERSITY OF 
OREGON DENTAL SCHOOL 


Horace M. Miller, A.B., D.M.D., Portland, Ore. 


HIs is a statistical record of teeth that have been extracted at the University 
i pe Oregon Dental School. The data were collected from July, 1950, to July, 
1958, from extractions done by students and staff members; the records were eol- 
lected and recorded by 1.B.M. equipment. To add interest and value to the 
information, permission was given me to compare this with a similar study 
made at Northwestern University Dental School from 1932 through 1935. 
There were over 57,280 extractions from Northwestern University and 82,316 
from the University of Oregon, giving us 572 and 823 teeth equaling 1 per 
cent of each total extraction, probably a large enough sample to be fairly 
accurate. 

It is noticeable in Fig. 1 that, percentagewise, fewer upper anterior teeth 
of the total were extracted in the 1930’s than in 1952. Perhaps today more 
full upper dentures are made and less conservation of upper anterior teeth 
results. 

Interestingly, fewer upper first molars, percentagewise, of the total are 
extracted today than in the 1930’s. Perhaps more attention is being paid by 
the profession to saving upper first molars. This also applies to lower first 
molars. Each year the spread between first molars (upper and lower) ex- 
tracted at Northwestern in 1932 and the University of Oregon Dental School 


in 1958 widens. Again more upper and lower third molars, percentagewise, 


of the total are being extracted today. More lower cuspids are now being 
saved than before. 

The straightening out of the upper extraction curve as compared with the 
early 1930’s is interesting. What will a 1980 study reveal? 

From the University of Oregon Dental School. 
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TABLE I 


NORTHWESTERN UNIVERSITY™ | UNIVERSITY OF OREGONt 


PER CENT OF | 
TOTAL EX- NUMBER | TOOTH | NUMBER | PER CENT OF TOTAL 
TRACTED | EXTRACTED | IDENTITY | EXTRACTED | EXTRACTED ; 

54 2,739 3.32 

3,158 3.83 

2,931 3.56 

2,578 3.13 

2,686 

2,771 

2,637 


2,681 


22,181 teeth 


22,199 teeth 


30,608 Total uppers 44,380 


1,827 7 2,965 
2.146 3.066 
2,739 2,952 
1,713 : 2,544 
1,531 : 2,323 
1,300 2% 1,618 
1,142 1,789 
1,094 2 1,756 

19,013 teeth 
1,097 25 1.740 
26 1,752 
1,318 1,627 
1,550 2,287 
1,675 2¢ 2,526 
2,535 : 3,030 
2,135 : 3,032 
1,705 32 2,929 


18,923 teeth 
26,678 Total lowers 37,936 


57,286 Grand total 82,316 


1 per cent = 1 per cent = 
572 teeth 823 teeth 


Numbers 1 to 32 represent teeth starting with (1) upper right third molar, (16) upper 
left third molar, (17) lower left third molar, and (32) lower right third molar. 

*Dental School records, 1932 through 1935. 

+Dental School records, July, 1952, to July, 1958. 
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2.48 1,419 8 T_] 3.26 
2.46 1,422 9 2,712 3.29 
2.65 1,519 10 2,681 3.25 
2.78 1,594 11 2,687 3.25 
3.39 1,938 12 2,627 3.19 
3.36 1,926 13 2,660 3.23 
: 4.46 2,554 14 2,994 3.63 
3.88 2,222 15 2,996 3.63 
3.45 1,977 16 2,842 3.45 
3.19 
3.75 
- 4.78 
: 2.99 
2.67 
2.28 
1.99 
1.91 
1.90 
2.04 
2.30 
2.70 
2.93 
4.42 
3.73 
2.98 


ORAL MEDICINE 


STOMATITIS AND PANCYTOPENIA ASSOCIATED WITH THYMOMA 


Report of a Case 


Norman Trieger, D.M.D., and John D. Stoeckle, M.D., Boston, Mass. 


RAL disease is often a complicating feature of agranulocytosis. This de- 
O pression of the cellular elements of the blood is usually associated with a 
variety of causes. Aplasia of the bone marrow may result from irradiation, 
chemieal and drug intoxieations, replacement of the marrow by tumor, and 
certain unusual infections. 

The following ease report deals with a stomatitis related to a long-standing 
neutropenia and progressive pancytopenia associated with the presence of a 
spindle-cell tumor of the thymus gland. 


CASE REPORT 


Patient A. S., a 72-year-old white woman, was first seen in the dental * 
clinie of the Massachusetts General Hospital complaining of a sore mouth and 
fatigue. 

Present Illness——Approximately six years previously, the patient was 
treated at home for an episode of lobar pneumonia. At that time, her physician 
noted “whitish patches” in her mouth. These were attributed to severely 
abraded teeth. However, the lesions failed to resolve after removal of these 
teeth. For the past six years her mouth had been sore and had: prevented her 
from taking all juices and spicy foods. She used gentian violet mouthwash and 
had been taking vitamin pills. Four years ago the tongue was biopsied, and the 
pathologie report indicated ‘‘chronie inflammation.’’, At that time a culture 
was reported as showing Candida albicans. No blood studies were done at that 
time. 

Past, family, and social histories were unremarkable. 


, From the Dental and Medical Clinics of the Massachusetts General Hospital, the Harvard 
School of Dental Medicine, and Harvard Medical School. 
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Physical Examination.—The patient was a thin, elderly woman who ap- 
peared her stated age. The positive findings were limited to the mouth, neck, 
finger nails, and pelvis. Approximately one-half of the tongue, from the an- 
terior tip backward, was covered with a glistening grayish membrane which 


4. Fig. 2. 
Fig. 1.—Thick “‘pseudomembrane” covering anterior half of tongue. 


Fig. 2.—Membrane peels with some difficulty, leaving a raw, red, granulating, and bleed- 
ing base. 


Fig. 3.—Mild clubbing and dystrophic nails on three fingers of left hand. 


stripped with difficulty, leaving a raw and granulating bleeding base (Fig. 1). 
The buccal mucosa and hard palate were similarly coated with this type of dirty 
gray pseudomembrane. There was angular cheilosis with some constriction of 


he d 
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the mouth orifiee (Fig. 2). The thyroid was twice enlarged, extended sub- 
sternally, and was finely nodular, with a firm nodule in the right lobe. The fin- 
vers showed moderate clubbing, and the nails of the left hand were dystrophic 
(Fig. 3). The vulva was reddened with a few excoriations; the vaginal mucosa 
was pale but otherwise normal. There was no splenomegaly, hepatomegaly, or 
lymphadenopathy. The remainder of the examination, including proctosecopy, 
was within normal limits. 


Laboratory Examination.—Hemoglobin was 12 Gm.; the white blood cell 
count was 4,000 per cubie millimeter, with a differential of 38 per cent poly- 
morphonuclears, 6 per cent bands, 52 per cent lymphocytes, and 1 per cent 
eosinophils. Platelets were normal. Urinalysis was negative. A chest roentgen- 
ogram showed the trachea displaced to the left by a soft-tissue mass in the region 
of the thyroid, containing an irregular 2 em. area of calcification. A second soft- 
tissue Mass, measuring approximately 5 by 4 em. and suggesting a thymona, was 
present in the anterior mediastinum. This mass did not pulsate or move with 
swallowing. X-ray examination of the cervical vertebrae revealed no bone 
destruction. 

The serum ealeium, phosphorus, and alkaline phosphatase were within 
normal limits. The fasting blood sugar was 95 mg. per cent. The nonprotein 
nitrogen was 20 mg. per cent. Only normal oral flora were present on bacteri- 
ologic study. No monilia grew on special culture. A biopsy of the buccal 
mucosa showed ‘‘aeute, nonspecific, chronie inflammation with ulceration.”’ 
Radioactive iodine uptake was normal over the thyroid, and there was no activity 
over the anterior mediastinal mass. Bone marrow aspiration was normal. 


Course.—Initially, the patient’s oral disease was best described as an ulcero- 
membranous stomatitis, possibly lichen planus bullosum or benign mucous mem- 
brane pemphigoid. The neutropenia was considered related to the thymoma, a 
clinieal pieture noted previously.” The goiter was nontoxic and multinodular, | 
with one nodule ealeified. The patient was observed regularly in the clinie for 
the next eighteen months. Pain was always a prominent symptom. Intraorally, 
the edentulous ridges showed marked resorption, which made it impossible for 
the patient to wear her dentures. The buceal mucosa was fiery red and granu- 
lar and showed several areas of hyperkeratinization and searring. On sev- 
eral visits, small bullae were present on the buecal mucosa. The tongue 
showed essentially no change during the long period of observation. The 
posterior half of the tongue was completely normal, without evidence of dimin- 
ished papillae or atrophy. She was given a trial course of prednisone, 30 mg. 
per day, for one week, without apparent improvement in the stomatitis. Herpes 
zoster, involving the right sixth and seventh cervical dermatomes, developed 
during this treatment. Throughout the remainder of her illness postherpetic 
pain persisted, and at times Demerol was required for relief. Approximately 
one year after she was first seen, the patient was given a trial course of erythro- 
myein. Her oral disease showed considerable improvement. The mouth became 
less sore, the patient gained three pounds in weight, and subjective improvement 


ua: 
& 


O.S., O.M. & O.P. 


TRIEGER AND STOECKLE 
November, 1958 


1232 


was noted generally. This improvement was attributed to the decrease in sec- 
ondary infection. Cessation of the antibiotic brought recrudescence of the oral 
symptoms, the lesions appearing as broken hemorrhagic blebs and bullae. 

Continued observations of the hemoglobin and white blood count revealed a 
progressive decline. In one year’s time, the patient’s hemoglobin fell from 12 
Gm. to 8.6 Gm. The white blood count decreased from 4,000 to approximately 
2,500 per cubie millimeter. The blood smear showed a neutropenia, a relative 
lymphoeytosis, and a decrease in platelets. Because of her pancytopenia, the 
patient was admitted to the hospital for transfusion and further evaluation of 
her disorder. 

Hospital Course—A bone marrow aspiration now revealed hypoplastic 
marrow, but the remaining studies were unremarkable. These are reported in 
detail elsewhere. Transfusions, prednisone, and Mycostatin were tried, without 
symptomatic or objective improvement. Removal of the anterior mediastinal 
mass was considered, but it was decided to maintain the patient with conservative 
measures. She was discharged from the hospital after six weeks. 

Approximately one week after discharge, the patient returned with severe 
headache, chills, productive cough, spontaneous epistaxis, petechiae, and fever. 
Hemoglobin was 9 Gm., and white blood count was 850 per cubic millimeter. On 
the following day she was confused and incontinent. Despite transfusions of 
packed red blood cells and intramuscular injections of penicillin, she died later 
that evening. 

Postmortem.—Principal findings at postmortem examination were ‘‘spin- 
dle-cell thymoma’’ with hypoplastic marrow, multinodular goiter weighing ap- 
proximately 200 grams with a calcified nodule in the right lobe of the thyroid, 
glossitis, and cheilitis (question of type). Cause of death was attributed to 
bronchopneumonia and pulmonary infarets. 


DISCUSSION 
The patient discussed in this report was followed for a period of more than 
two years. Because of its unusual appearance and behavior, her oral disease 
was never completely identified. We considered her stomatitis the first mani- 
festation of an underlying neutropenia and later pancytopenia. Other etiological 
factors were considered. Her nutrition, despite modified food habits and diet 
required by her sore mouth, was considered fair, and she had been taking sup- 
plemental vitamins throughout the course of her disease. Interviews did not 
elicit any history of ingestion of toxie agents. A uremic stomatitis was im- 
probable in the presence of normal renal function. 

Repeated biopsies disclosed no evidence of pemphigus, benign mucous mem- 
brane pemphigoid, lichen planus bullosum, lymphoma, or monilial infection. 
Indeed, only one of the four cultures was positive for Candida albicans. The lack 
of evidence of generalized moniliasis, the extreme pain, the multiple negative 
cultures for fungi, and the failure of Mycostatin to affect the course of her illness 
all preclude a diagnosis of monilial stomatitis. Moniliasis associated with hypo- 
parathyroidism was further ruled out by the presence of normal serum calcium, 
phosphorus, and phosphatase. 
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Review of the biopsy and autopsy material of the oral lesions is extremely 
interesting. The vesicle excised from the buceal mucosa (Figs. 4 and 5) two 
years prior to her death shows a nonspecific subepidermal bulla with abundant 


Fig. 5. 
Fig. 4.—Vesicle excised from buccal mucosa shows a subepithelial bulla with abundant 
acute and chronic inflammatory infiltrate. (Magnification, 85.) 
Fig. 5.—High-power view of subepithelial bulla shown in Fig. 4. (Magnification, 250.) 


acute and chronic inflammatory infiltrate. The autopsy material of the tongue 
(Figs. 6 and 7) shows extensive plasma-cell infiltration and endothelial pro- 
liferation characteristic of granuloma pyogenicum. Review of the tongue slides 


Fig. 4. 

Was 
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by several pathologists raised the question of this being an infected hemangioma 
of the tongue or pyogenic granuloma. Beeause of the widespread nature of this 
pathologie process in the mouth, we feel that the latter diagnosis is more 
probable. The encapsulated thymoma was made up of spindle cells forming 
bands and whorls (Fig. 8). 


Fig. 6.—Tongue at autopsy shows dense acute and chronic inflammatory infiltrate with 
numerous endothelial-lined spaces suggesting an angiomatous process. 


7 Fig. 7.—Portion of tongue at autopsy shows intact epithelium with subepithlial prolifera- 
tion of blood vessels and inflammatory infiltrate. (Magnification, x 250.) 


Fig. 6. 
Fig. 7. 
3 
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The anterior mediastinal mass found by x-ray examination, the progressive 
anemia, the neutropenia, and the thrombocytopenia prompted a diagnosis of a 
syndrome of thymoma producing a depression of all cellular elements of bone 
marrow. 

In general, thymomas are described as nonmetastasizing, locally extending 
tumors with two basic histologic patterns.” > Where the epithelial element is the 
predominant cell type, it may be found associated with the neuromuscular dis- 
ease known as myasthenia gravis. Lymphoeytic-like cells and spindle cells pre- 
dominate in thymomas not associated with myasthenia gravis. 


Fig. &8.—Spindle-cell thymoma. (Magnification, 250.) 


A review of pertinent literature reveals a syndrome of thymoma associated 
with hematologic abnormalities." * + * Only thirteen such cases had been re- 
ported up to 1956. Most of these patients had a simple erythroid depression of 
the bone marrow. A pancytopenia is reported in but three of the thirteen 
patients with thymoma. The mechanisms of association between the pancyto- 
penia and thymoma are unexplained at the present time. The presence or ab- 
sence of oral mucous membrane lesions is not mentioned in ten of the thirteen re- 
ports. Chalmers and Boheimer*® report ‘‘tongue and mucosa normal,’’ Wein- 
baum and Thompson’ mention ‘‘no atrophy of mucosa,’’ while Ramos and Loeb’ 
state there were ‘‘shallow ulcers of the palate’’ in their patient. 


CONCLUSIONS 


We believe that this patient was suffering from a membranous stomatitis 
secondary to a bone marrow depression and pancytopenia probably induced by a 
thymoma. 
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SUMMARY 


A 72-year-old woman was followed for severe membranous stomatitis over a 
two-year period. The presence of an anterior mediastinal mass and a progressive 
paneytopenia prompted an ante-mortem diagnosis of thymoma associated with 
paneytopenia. Autopsy confirmed the findings of a thymoma of the spindle-cell 
type associated with bone marrow hypoplasia and severe nonspecific mucous 


membrane ulceration. 
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SRYTHEMA MULTIFORME LIMITED TO THE ORAL CAVITY 


Report of a Case 


‘rwin Lighterman, D.D.S., M.D., New York, N. Y. 


RYTHEMA multiforme was first described in 1886 by von Hebra, who separated 

the condition from other erythematous diseases.t It was not until 1922, 
llowever, that erythema multiforme was clearly defined by Stevens and Johnson? 
in their paper entitled ‘‘A New Eruptive Fever Associated With Stomatitis and 
Ophthalmia.’’ The disease has also been variously termed ‘‘erythema exuda- 
tivum multiforme,’ * ‘‘Stevens-Johnson disease,’’°® ‘‘erythema multiforme 
bullosum,’’** and ‘‘eruptive fever involving the mouth and eyes.’ These 
differences in nomenclature have been introduced to distinguish individual find- 
ings and/or the severity of the disease process, but they frequently promote con- 


fusion rather than understanding. 


SYMPTOMATOLOGY 


Erythema multiforme is marked by an acute onset with headache, malaise, 
nausea, cough, pharyngitis, arthralgia, prostration, and frequently high fever. 
A few days later lesions develop in many widely seattered parts of the body. 
The most common of these is an erythematopapular, maculopapular, or vesicu- ,, 
lobullous eruption of the hands, feet, and other cutaneous surfaces. Acute con- 
junctivitis may develop which, in turn, can progress to a panophthalmitis. The 
latter is the most serious complication of the disease, since it can cause partial* *° 
or total* " blindness. Involvement of the tracheobronchial tree is evidenced by 
the frequent oceurrence of bronchitis complicated, in some cases, by broncho- 
pneumonia. The mouth, genitals, anus, and nose are other commonly affected 


sites. 

The majority of patients are young adults. Eight of the nine cases re- 
ported by Wright, Gold, and Jennings'* were between 18 and 28 years of age, 
while Soll’ reported an age incidence of 18 to 31 in twenty Army patients. The 
number of cases increases in the period from January to June for reasons that 
are at present obseure.' 

Erythema multiforme is self-limiting, lasting one to three weeks. Hyper- 
pigmented skin lesions often persist, but these will disappear in time. Repeated 
episodes are commonly reported. (Soll? reported one case with fourteen reeur- 
rences.) Jones‘ states that there are only four fatal cases on record. 
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Oral involvement frequently follows the acute symptoms by a few days, but 
cases have rarely been reported in which the condition is limited to the mouth. 
The primary lesion is a round to oval vesiele or bulla forming on an erythematous 
base. Because of the moisture and trauma, it ruptures in twenty-four to forty- 
eight hours, leaving an ulcer covered by a necrotic exudate or pseudomembrane. 
Uleerations may become confluent. 

Pain, sialorrhea, and dysphagia follow denudation of the surface epithelium. 
These lesions beeome unusually susceptible to secondary infection causing fever, 
fetor, and accentuation of the previous symptoms. While moisture prevents the 
formation of a fibrin covering over the intraoral uleers, crusted bleeding lesions 
frequently develop on the lips. Cervieal lymphadenopathy may or may not be 


present. 


ETIOLOGY 


The etiology of erythema multiforme is still unknown. There may be a 
history of allergy or drug idiosynerasy due particularly to bromides, antipyreties, 
barbiturates, phenophthalein, and the sulfonamides.' Noojin and Callaway," 
however, found that drugs played an insignificant causative role. Wright and 
his associates’? report that Staphylococcus aureus and Vincent’s organisms have 
been among the most commonly blamed bacteria. Erythema multiforme has 
followed smallpox vaccination,’® and it has oceurred in the course of typhoid 
fever'® and tubereulosis.‘7 A viral etiology has been suggested by some."* ' 
Lozano” reports two cases in which patients had serious shock and generalized 
dermatitis following blood transfusions from a donor who previously had suffered 
from erythema multiforme. MeCarthy*' was of the opinion that the disease is a 


toxemia. 


DIFFERENTIAL DIAGNOSIS 

Erythema multiforme must be distinguished from several other conditions: 

(1) Pemphigus bullae can be distinguished from those of erythema multi- 
forme because they develop on what appears to be normal epidermis.** The 
Nikolsky sign and the Pels and Macht test are useful in establishing a diagnosis. 

(2) Herpetic stomatitis resembles erythema multiforme in its rapid onset 
of acute symptoms and vesicle formation. It differs in several ways, namely, it 
frequently affects the gingivae,** a virus can be demonstrated by inoculating 
material into a rabbit cornea, lesions are limited to the oral cavity, and regional 
lymphadenopathy is invariable. 

(3) Stomatitis medicamentosa is difficult to distinguish from erythema multi- 
forme. The history of a recently used drug should be grounds for further in- 
vestigation. As mentioned previously, an allergy or drug idiosynerasy is be- 
lieved by some to be a causative factor. 

(4) Aceording to Klauder,** conjunctivitis, rhinitis, and balanitis are fea- 
tures of human foot and mouth disease. Vesicular eruptions may be present in 
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he mouth and on the extremities. The mouth is dry and burning, however, and 
-hanges are present about the nails of the hands and feet. Inoculation of a 
-vinea pig with material from the lesion will demonstrate the presence of a virus. 

(5) Syphilitic chancre ean be ruled out by dark-field examination of the 
esions, and serologie tests at.a later date will confirm the diagnosis. 


Costello®® reports the admission of thirty-three cases of erythema multi- 
‘orme to the Willard Parker Hospital for Contagious Diseases because of the re- 
vemblanee of this dermatosis to chicken pox, measles, influenza, agranulocytosis, 
ind pemphigus. ‘Ginandes* and Givner and Ageloff® emphasized what may be a 
ielpful observation in the differential diagnosis of erythema multiforme when 
they noted an increased monocyte count in the blood during the disease. 


TREATMENT 


There is no agreement among investigators on treatment. Bregman*® 
successfully treated a ease of erythema multiforme with sulfonamides, while 
Soll' believes that sulfonamides should be avoided. In a severe case of the 
disease, Robinson*’ found penicillin effective in initiating the recovery. Persky** 
reported a favorable result with Aureomyein. Civner and Ageloff® used codliver 
oil locally, along with high amounts of vitamins B and C. Weisberg and Rosen* 
prefer the oral administration of nicotinie acid. Soll' found penicillin and high 
vitamin therapy ineffective. Anderson,’* noting the frequency with which herpes 
simplex is associated with erythema multiforme, recommends smallpox vacci- 
nation at two-week intervals. This treatment is repeated four or five times. 

Noojin and Callaway" believe that the benefits derived from treatment are 
questionable, since the average patient becomes well regardless of the therapy 
administered. They reviewed the use of salicylates, sulfonamides, penicillin, 
vaccine (for desensitization), and roentgen rays. Tonsillectomy, adenoidectomy, — 
and extraction of abscessed teeth were instituted when a foeus of infection was 
suspected. 

Inasmuch as the disease is self-limiting, we believe that treatment should be 
symptomatic. Corticosteroids will rapidly resolve the process, but certain un- 
desirable side reactions preclude their general use. Antibiotics may be employed 
to prevent secondary infection. A bland mouthwash will maintain oral hygiene, 
and benzocaine troches or viscous Xylocaine will relieve mouth soreness. 

The following case is reported because erythema multiforme limited to the 
oral cavity is of relatively rare occurrence. 


CASE REPORT 

The patient was admitted to the hospital with a chief complaint of progressive dysphagia 
and malaise of five days’ duration. 

The family and personal histories were noncontributory. The patient stated that this 
was his first episode of sickness since childhood. 

Examination revealed a well-developed 72-year-old Negro in subacute distress; he 
appeared toxic, and his temperature was 102° F. The cervical lymph nodes were not palpable. 


* 
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Fig. 1. 
Fig. 2. 
Fig. 3. % 


Fig. 1.—Admission photograph. Note the characteristic crusted lesion of erythema multi- 


forme on the lips. 

Fig. 2.—Admission photograph. The buccal mucosa presents with several ulcerative 
lesions, each covered by a grayish pseudomembrane. 

Fig. 3.—Admission photograph. There are many areas of erythema and ulceration on the 
hard and soft palate. 
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Intraoral examination revealed a crusted lesion which covered the right lateral quadrant 
¢ the lower lip (Fig. 1). The inner portion of the lower lip, the floor of the mouth, the 
neeal mucosa (Fig. 2), the hard and soft palatal mucosae (Fig. 3), and the tip of the 
mgue exhibited many regions of ulceration and erythema. Interspersed among these reddish 
reas were the necrotic remnants of ruptured vesicles. None of the lesions were painful. 

A clinical diagnosis of erythema multiforme was made and later confirmed by the De- 
artment of Dermatology. The lesions also resembled stomatitis medicamentosa, but this 
as ruled out when careful interrogation failed to elicit the recent use of any new foods or 
rugs. 

Fig. 4. 


Fig. 5. 


Fig. 4.—Fifth hospital day. Note punctate scarlet eruptions on the soft palate, many 
of which have become confluent. ' 
pre ate: 5.—Fifth hospital day. Desquamation of papillae from the lateral borders of the 
ongue. 


The blood and urine studies were reported within normal limits, and the Mazzini test 
was negative. A bacterial smear of the lesions was reported as showing streptococcus and 
staphylococeus. 

The patient was placed on a high-calorie, high-protein diet. Borie acid mouthwashes 
were administered ad libitum. Ascorbic acid, 600 mg., was administered daily, and 250 mg. of 
Aureomyein was given every four hours. The patient ran a mildly febrile course during the 
first five days. 
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The patient reported being comfortable five days after admission. The mucosa of the 
hard palate was completely clear of lesions (Fig. 4), and the lower lip had improved (Figs. 4 
and 5). However, the mucosa of the soft palate presented with innumerable punctate scarlet 
eruptions, many of which had become confluent (Fig. 4). The tongue lesions were more 
numerous, and large areas of papillae had desquamated from the lateral borders (Fig. 5). 


Fig. 6. 


Fig. 7. 
Figs. 6 and 7.—Discharge photographs. The patient was free of all lesions at the time of 
his discharge. 


The floor of the mouth was more extensively involved. A new lesion appeared on the right 
upper lip which was similar in appearance to its counterpart on the lower lip. The buccal 


mucosa remained unchanged. 
Gradual improvement was noted after the fifth day. The patient was discharged free of 


all lesions thirteen days following his admission to the hospital (Figs. 6 and 7). 


SUMMARY 


The symptomatology, etiology, differential diagnosis, and treatment of ery- 
thema multiforme are reviewed. A case of erythema multiforme with lesions 


limited to the oral cavity is reported. 
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PHARMACOLOGY AND THERAPEUTICS 


A CLINICAL APPRAISAL OF THE ANTI-INFLAMMATORY 
EFFECT OF STREPTOKINASE 


Sanford S. Golden, D.D.S., Los Angeles, Calif., Maurice H. Dankoff, 
D.D.S., Rochester, N. Y., and David L. Korchek, D.M.D., 


Los Angeles, Calif. 


| decades investigators have endeavored to show the usefulness of certain 
enzymes as therapeutic measures. This field of research has only recently 
been explored in the annals of dentistry. Recent investigations concern, 
among other things, the use of crystalline trypsin in the treatment of alveolar 
osteitis' and the presence of lysozyme in root canals.” 

Early in 1954 one of the authors (S. 8. G.) embarked upon a program to 
appraise the use of Varidase* (streptokinase-streptodornase) in endodonties.* 
The results of that investigation gave strong evidence that enzyme therapy 
can be an adequate adjunct to accepted principles in pulp management. Num- 
erous ramifications of research using enzyme therapy, and Varidase in partic- 
ular, have been tentatively proposed. It was with these facts in mind that 
we investigated the specific anti-inflammatory effect of streptokinase on trauma 


induced by dental procedures.’* 


PHARMACOLOGY 

Streptokinase as prepared by the Lederle Laboratories is derived and 
purified from Laneefield Group C streptococci. Although the extracellular 
enzyme is elaborated by many strains of hemolytic streptococci, the strains of 
Group C are considered nonpathogenic for man and are therefore less likely 
to precipitate serious side reactions. 

The unit of streptokinase is defined as that amount of enzyme which 
activates sufficient plasmin to bring about dissolution of a standard fibrin elot 
in ten minutes at 35° C.4 


: *Buccal Varidase (streptokinase) provided by J. M. Ruegsegger, M.D., Lederle Labora- 
tories Division, American Cyanamid Company, Pear! River, New York. 
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The exact mechanism by which streptokinase influences the inflammatory 
eaction remains unknown. Considerable experimental data, however, suggest 
‘hat streptokinase may act as an integral component of the fibrinolytic system.° 
Astrup® postulates a two-step mechanism: (1) streptokinase reacts with 
ne of many proactivators in the blood to form ‘‘aetivator’’ and (2) ‘‘aetiva- 
or’’ then catalyzes the conversion of plasminogen to active plasmin (Chart 1). 


Plasminogen > Plasmin 
(Activation of 
plasminogen ) 
Spontaneous 
Chloroform 


Activators of } Trypsin 

plasminogen Tissue activator (stable) 
Activator in urine (labile) 
Activator in blood, milk (labile) 


Spontaneous 
Streptokinase 
Lysokinases Kinase in blood (Activation of proactivator ) 
Tissue kinase 
Proactivator in blood, milk, and saliva 


Chart 1.—(After Astrup, T.: Lancet 271: 565-568, 1956.) 


Plasminogen is a proteolytic euzyme existing in the euglobulin fraction 
of human plasma and saliva. 

Plasmin which lyses fibrin is thus able to liquefy clotted blood and fibrin- 
ous exudates. In addition to its lytic action, plasmin reduces the viscosity 
of edema fluid. The combination of these two actions enhances local vascular 
and lymphatie circulations, increases resorption of edema fluid, and aids in the 
humoral defenses and immunologie forees of the body. 

The antigenicity of streptokinase has been studied. Reports show that 
the presence of high serum titers of the antienzymes produced has no signifi- ., 


cant effect upon its fibrinolytic activity. 


DISCUSSION 

Trauma acting as a physical irritant to the body most often invokes, as 
an element of body response, inflammation. | 

The dentist is quite familiar with the signs and symptoms of inflammation. 
There are few clinical phases totally void of an inherent possibility of respon- 
sive inflammation. Most everyone is experienced with the techniques used 
in treating inflammation. Our present methods combine extrapolations from 
the Greeks’ use of poultices and many modern advances in medicine. But, 
have we thoroughly considered all the possibilities of allaying and preventing 
excessive inflammatory responses? The dentist is in a unique position. For 
decades medicine has investigated new techniques and drugs to treat a patient 
exhibiting a condition of inflammation and edema, whether it be the result 
of infection or physical or chemical irritation. We already are aware that 
many of our procedures, such as phases of surgery, will result in inflammation 
and edema. Can we modify this and ultimately aid our patient? 
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Edema is defined as an abnormal accumulation of fluid in the cells, tissue 
spaces, or cavities of the body.* The basic denominator is usually a condition 
which interferes with the normal movement of blood, tissue fluid, and lymph 
or a disturbance in the mechanism of fluid balance. Inflammatory edema 
is an instance of local edema resulting from increased permeability of en- 
dothelium. This type of edema usually displays a high concentration of plasma 
proteins, including fibrinogen if endothelial permeability is greatly increased. 
Edema may contribute to infection, since the albuminous content of the fluid 
is an excellent culture medium and the impaired circulation lowers the re- 
sistance to infection. 

For several years the enzymatic agent Varidase has been employed in 
medicine as a topical ‘‘eurette’’ and has been injected intramuscularly as an 
anti-inflammatory agent. Although side reactions have been minimal, there 
are a number of disadvantages to employing the intramuscular injection 
method of administration. In vitro investigations with streptokinase showed 
an interesting hyaluronidase-like spreading effect of proteases on tissue 
permeability.” A relationship between proteolytic action on connective tissue 
and inereased tissue permeability suggested the possibility that proteolytic 
enzymes could be administered buceally.'’° The efficacy of this mode of ad- 
ministration has been borne out by recent investigators.’ 

The oral cavity, therefore, was considered an ideal area in which to study 
the action of streptokinase in induced trauma. In the majority of cases in- 
fection was not present preoperatively; hence, even in the light of good 
surgical techniques, normal trauma and its effects could be studied. In some 
eases, preoperative pathology was present and the action of the drug could 
be appraised without surgical trauma. 


PROCEDURE AND RESULTS 


The streptokinase used in this study was prepared in the form of buceal 
lozenges. Each tablet contained the equivalent of 20,000 units of enzyme. 

The experimental cases were obtained from the private practices of the 
authors and from the Dental Service of the Los Angeles County General 
Hospital. 

The question of induced trauma presented a problem and, therefore, 
several types of patients were selected for study: patients needing extraction 
of one or more impacted third molars, patients needing multiple extractions 
for immediate denture prosthesis, patients who in standard endodontic therapy 
required apicoectomy and apicocurettage, and periodontal patients requiring 
gingivoplasty and osteoplastie surgery. 

In all, sixty-two cases were observed, including forty-nine experimental 
and thirteen controls (Table I, A, B, C, D, and Table II, A, B, and C). All 
procedures were performed by the same three men in an attempt to achieve 
an element of standardization. Complete medical and dental histories were 
taken of all patients, experimental and control. Patients were followed post- 
operatively for periods of twenty-four, forty-eight, and seventy-two hours. 
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TABLE [, A AND B 


POSTOPERATIVE OBSERVATIONS 
SWELLING | PAIN | TRISMUS 
| 


SIGNIFICANT 


24 | 48 | 72 24 | 48 | 72 24 | 48 | 72 SYSTEMIC RE- 
PA NT SEX | AGE TOOTH HRS. | HRS. |HRS.| HRS. |HRS |HRS.| HRS. | HRS |HRS CONDITION | MARKS 
— 7 A, Experimental: Surgery (Extraction of Impacted Third Molars) 
#011 ‘V. C. F 18 8 | + 0 0 + 0 0 + 0 0 
#012 ik. M. 2 js + + - + 0 - 0 
#014 uw («fe 0 0 0 0 
#015 0. E. 7 0 0 + + + + + + 1 
#016 F.N F 2 8] + 0 
#022 N. D. F 37 8) + + + + + + + + 
#108 V.J. F 29 8 | + 0 ~ 0 - 0 0 a 2 
#111 ~P.B. M 18 |8 0 0 + 0 0 0 0 0 
#117 F 24 8] + 0 0 3 
#119 L.M M 32 8/8 ++ ttt 4 
#125 ALR. F 22 8] ++ ++ ++ 7 + + +++ +++ +++ 
#126 H.K. M 27 8] 44°. 
#149 M 24 8] 0 0 
#158 J.S. M 27 8 | ++ ++ + ++ ++ + +++ +++ ++ 
‘8 | 
B. Experimental: Surgery (One or More Extractions) 
#013 F 42 + + + + 0 0 0 0 5 
#017 F 37 5 | + - — +++ “ ~ 0 6 
#023 G.R. F 40 821/123 ++ - ++ ~ 0 - ~ 7 8 
#024 C.L. F 67 321{|123 0 0 ~ 0 - - 9 
#103 M.B. M 43 87] & 
#104 M.T. F 61 754 | ++ ++ t+ + 10 
#106 L.H. F 34 | 568 0 - 0 12 
#107 M.G. M 14 16 + 0 
#109 T.M. M [78 0 0 0 
#113 C.A. M 47 542/123 ++ ++ + 0 0 0 
#130 J.C. M 27 | 678 + 0 0 + 0 0 + 0 0 
#182 P.R. M 40 (10) 7 0 0 + 0 0 0 0 0 
- Key to Symbols: 0 = Unnoticed. ++ = Moderate. - = Unobserved. + = Slight. +++ 
Severe. 

1 = Bleeder, allergies. 

2 = Rheumatic heart disease, age 14. 

3 = Allergies. 

4 = Allergies—severe to penicillin. 

5 = Open into left antrum to remove broken root tips. 

6 = Diabetic, rheumatic fever. 

7 = Allergies. 

8 = Hematoma present twenty-four hours postoperatively. 

9 = High blood pressure. 

10 = Moderate gingivitis. 

11 = Pregnancy (syphilis?) 

12 = Thyroidectomy (1949), venereal disease (1947). 


(Table I, C and D on next page.) 
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TABLE I, C AND D 


POSTOPERATIVE OBSERVATIONS | sys- 
24 | 48 | 72 24 | 48 | 72 24 | 48 | 72 | CONDI- RE- 
PATIENT SEX | AGE | HRS. HRS.) HRS.| HRS. HRS.| HRS. HRS. | HRS.| HRS | TION MARKS 
C. Experimental: Endodontic Procedures 
#114 M.W. F 54 + ++ ++ 0 0 0 0 0 0 1 
#115 R.M. M 19 + 0 
#116 F.W. F 16 + 0 0 0 0 0 
#120 A.Z. F 26 4 Oo - + #& = ©» 8 = 
#121 D.B. M 13 -~ m 0 ++ 0 0 0 0 0 2 
#122 A.H. M 45 + O 0 + 0 O 0 oO O 
#123 G.L. M 47 ++ 0 0 ++ 0 0 0 0 0 
#124 B.M. F 23 + ++ ++ + + + 0 oO O 4 
#126 S.L. F 47 ~ 0 0 + 0 0 0 0 0 
#131 C.N. F 30 + + 0 0 0 0 0 0 0 
D. Experimental: ‘Periodontal Procedures 

#021 ZN. M 68 +++ +++ ~ ++ + - 0 0 0 5 
#101 N.B. F 36 + + 0 6 
#102 F.B. F 33 + 0 0 + + 0 0 0 0 7 
#133 N.H. F 62 + + - 0 0 0 8 
#135 D.G. M 28 ++ ++ ~ + 0 - 0 0 9 

Key to Symbols:, 0 = Unnoticed. ++ = Moderate. - = Unobserved. + = Slight. ++ 
= Severe. 

1 = Patient discontinued use of drug after twenty-four hours. 

2 = Immediate root canal procedure—complete exfoliation—treatment one and one-half 

hours after accident. 
3 = Allergies. 
4 = Urticarial type of reaction forty-eight hours postoperatively, restricted to right 
forehand. Patient advised to discontinue use of drug. 
5 = Plastic to deepen mandibular sulcus in region of first molars. 


>) = Mucobuccal fold extension in region of lower anterior teeth. 


= Mucobuccal fold extension in region of lower anterior teeth. 


6 
i = 
8 = Plastic for hyperplasia of upper ridge. 

9 = Acute cellulitis. 

Reaction symptoms of edema, pain, trismus, and other complications were 
recorded and photographs were taken when possible. Patients were supplied 
postoperatively with sixteen Varidase buceal lozenges containing 20,000 units 
of streptokinase; they were instructed to place one tablet in the buceal fold 
or in the sublingual area every four hours and to allow the tablet to dissolve ; 
they were instructed not to suck the tablet. The dosage and time of drug 
administration were empirical and differed from those used by other investi- 
gators. Miller and his group,’ working on hospital medical admissions, 
prescribed streptokinase, 10,000 units given bueally every twelve hours, plus 
tetracycline, 0.25 gram given orally every six hours, for a minimum of three 
days and longer if necessary. Innerfield and Boyd,’ studying the effect of 
bueeal Varidase on diabetic patients, administered tablets containing 20,000 
units of streptokinase four times daily for periods varying from one day to 
fourteen weeks. 

A total of sixty-two experimental and control cases were selected at ran- 
dom as best possible to include various surgical procedures encountered in 
dentistry (impactions, immediate denture surgery, apicoectomy, apicocurettage, 
multiple extraction, periodontal surgery). Of forty-nine experimental cases, 
only nine patients showed more than slight edema forty-eight to seventy-two 
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urs postoperatively and one patient (+017, T. Y.) complained of severe pain 
‘eompanied by minimal edema (Table I, B). In the thirteen control cases ten 
<hibited considerable prolonged edema at periods of forty-eight to seventy- 
vo hours postoperatively, two patients experienced minimal reactions, and 
vo patients (#204, V. T., Table II, A; #210, A. W., Table II, C) showed ex- 
ptional recovery within twenty-four hours after Varidase tablets were 
nally administered. 


TABLE II, A, B, AND C 


POSTOPERATIVE OBSERVATIONS 
SWELLING PAIN TRISMUS SIGNIFICANT 
24 | 48 | 72 | 24 | 48 | 72 | 24 48 | 72 | SYSTEMIC 


(ENT SEX | AGE | TOOTH | HRS.|HRS.|HRS.| HRS. HRS.|HRS.| HRS.|HRS.|HRS.| CONDITION | MARKS 
Send A. Control: Surgery (Extraction of Impacted Third Molars) 
G. B. M 46 8/8 +++ +++ ++ ++ ++ ++ 1 
M 2 +++ ++ t+ + ++ t+ 
LF F 19 8| + 
B. Control: Surgery (One or More Extractions) 
M. G. F 34 321/15 +++ ++ ~ ++ ++ 0 0 2 
F 45 5 | +++ — +++ 0 3 
A.R F 31 ++ ++ + 0 0 0 4 
G.D F 14 5/5 + - 0 0 0 
A.S, M 37 321[125 +++ +++ +++ ++ ++ ++ + 0 0 
C. Control: Endodontic Procedures 
A. W. F 34 + 0 0 0 0 0 0 0 0 5 
L. F. M 12 +++ 44+ +++ ++ + 6 
L. K. F 2 ++ ++ + ++ ++ + 0 0 0 7 
‘ Key to Symbols: 0 = Unnoticed. ++ = Moderate. — = Unobserved. + = Slight. ++ 
Difficulty in swallowing. 


Patient appeared unreliable. 


3 = Alcoholic cirrhosis (1950), nephritis? 

4 = ? Tuberculosis (1955). 

5 = Apicocurettage 3}. 

6 = Root canal procedure and root resections 1 | 1 


7 = Apicoectomy 2|. 


In eleven of the thirteen control cases, moderate to severe edema occurred 
after twenty-four hours, whereas only five of the forty-nine experimental cases 
evidenced moderate edema after twenty-four hours. One endogenous control 
case (#011, P.C., Table I, A), in which bilateral extractions were performed 
with and without drug therapy, dramatically illustrated the advantage of 
the drug. 

The observable side reactions following administration of the drug were 
few and mild. Patient #106, L. H., with a history of surgical removal of a 
simple goiter in 1956, complained of a raspy sore throat within a few hours. 
Patient #201, G.B., experienced difficulty in swallowing, which might have 
been associated with the extensive postoperative facial edema. Patient #124, 
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B. M., presented a reaction of the urticarial type, which was restricted to the 
right forehand, forty-eight hours after drug administration. In all three cases 
the patients were advised to discontinue use of the drug. 


CONCLUSION 

A sample of sixty-two male and female human specimens with an age 
spread of from 12 to 68 years, was selected to undergo various oral surgical 
procedures which normally and in the light of good surgical procedure might 
result in either inflammation, edema, pain, or trismus. 

From the foregoing results, and after observing the recent work of other 
investigators, we believe that streptokinase in the form of buceal lozenges 
may prove to be a drug of choice in anticipated dental surgical trauma. It is 
our opinion that the drug may prove more successful if started twenty-four 
to forty-eight hours preoperatively. In the event of existing infection, anti- 
bioties should be used with buceal streptokinase. 
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ORAL PATHOLOGY 


THE RADICULAR VARIETY OF DENS INVAGINATUS 


F. A. C. Oehlers, F.D.S.R.CS. (Eng.), Singapore, Malaya 


wo main varieties of the developmental abnormality commonly known as 

dens in dente, gestant odontome, or dilated composite odontome but which 
| prefer to call dens invaginatus' have been described. They are the coronal 
and the radicular varieties. In this article the radicular variety will be dis- 
cussed. 

The basie difference between the two varieties lies in the site of origin of 
the invagination process which constitutes the essential part of the anomaly. 
In the coronal variety, the invagination results from an infolding of the 
enamel organ; it communicates with the oral cavity through a pit or groove 
in the erown which usually displays an unusual, though typical, crown form. 
In my previous article,’ I classified variations of coronal invaginations into 
three types. 


The invagination process of the radicular variety results from an infold- © « 


ing of Hertwig’s sheath and thus takes its origin within the root after crown 
development has been completed. Cases have been reported by Cohen,’ 
Erausquin, Pellegrini, and Ponte,’ Rushton,‘ Munro,’ and Zerosi,® among 
others. 

From a study of the eases reported in the literature, two distinet types of 
the radicular variety ean be identified. The first is that type originally de- 
seribed by Cohen? and later corroborated by Erausquin, Pellegrini, and Ponte.* 
Cohen suggested that the abnormality was the result of an incomplete attempt 
at root bifureation; he demonstrated, by ‘‘a series of preparations’’ of man- 
dibular first premolars, that it arose as an exaggeration of a groove frequently 
present on the mesial surface of the roots of these teeth, that an increase in 
the depth of the groove was accompanied by a corresponding increase in the 
degree of infolding of this wall of the root, and that it was this infolded por- 
tion of the root that gave the appearance of a “secondary root’’ attached to 
its pulpal wall. The distribution of the tissues of which this ‘‘secondary 
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root’’ is comprised is, of course, identical with that of the rest of the root; 
its pulpal aspect is composed of dentine, and its superficial surface, which 
lines the depth of the infolding (or the ‘‘eanal’’ of the ‘‘secondary root’’), 
consists of cementum. Munro® described a similar abnormality in a mandibu- 
lar first molar, and he cites Zerosi® as having reported a similar case. Hunter’ 
reported a ease of a mandibular first premolar which he interpreted to possess 
a radicular invagination. As for data on the case, however, he had only a 
‘adiograph. My own interpretation of this radiograph is that there has been 
an actual bifureation of the root into mesial and distal radicals, but this bifur- 
eation represents the completion of the same developmental process that is 
involved (but which remains incomplete) in the production of the type of 
radicular invagination under discussion and the two conditions cannot readily 
he differentiated on radiographic evidence alone. In any event, such a dif- 
ferentiation is of little importance, for this type of radicular invagination has 
no clinical significance except, perhaps, in relation to endodonties. I, person- 
ally, would prefer not to include this condition under the heading of ‘‘dens 
invaginatus.’’ I regard the latter as a distinet clinical entity possessing a 
definite meaning or significance which is common to all the other accepted 
forms of the abnormality. The condition should be classified simply as a varia- 
tion of root morphology; it is one that occurs more frequently than is gener- 
ally believed. In the Chinese and Malay dentitions, for example, the man- 
dibular second molar very commonly displays a root form which Tratman* 
has referred to as the ‘“‘horseshoe reduction form”’ (Fig, 1).. Essentially, there 
is a single root which tapers to a blunt apex; a deep axial infolding of the 
lingual wall gives it a horseshoe shape in cross section; the appearance of 
the infolded portion of the root, as shown in Fig. 2 in which the buceal half 
of the root has been cut away, is identical with that of Cohen’s specimens. 
Cohen’s view that the infolding of the radicular wall, as it occurs in premolars, 
represents an incomplete attempt at root bifureation can be substantiated in 
this mandibular second molar root form (Fig. 3). In addition to one arising 
lingually, a vertical infolding may also arise in the buceal wall; as it deepens, 
it fuses with the lingual infolding to complete the bifurcation. 

The second distinet type of radicular invagination that has been deseribed 
is one displaying morphologic and clinical characteristics which conform with 
my concept of the true ‘‘dens invaginatus.’’ It appears to be extremely rare 
and is typified by the three specimens reported by Rushton* (specimens 17, 
18, and 19 in his article). One was removed from the incisor region (he did 
not state from which jaw), another was a maxillary third molar, and the third 
was recovered from the mandibular molar region. Each of these specimens 
contained a saccular dilated invagination within the root, which was itself 
dilated, and the invagination was found to arise from a foramen situated on 
the surface of the root; instead of cementum, enamel was found to line its 
internal surface (although in these specimens the enamel lining was inecom- 
plete). The center of the invagination contained osseous deposits. In many 
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. Fig. 1.—Mandibular second molars displaying the “horseshoe reduction form” -_ root. 
issentially there is a single root with a deep axial infolding of its lingual wall. <A c sec- 
tion of the root is horseshoe shaped. In B the center of the infolding is filled oun ‘coaher 
cementum as seen in the cross section. 


1253 
‘A 
ey 
| 
4 
A. B. 


1254 OEHLERS 05. & op. 
respects, then, the invagination resembled a Type 2 (extensive, saccular, and 
enamel-lined) coronal invagination, as described by me,’ except, of course, in 
its site of origin. The case reported by Beust and Freericks,® in which there 
was an enamel-lined cavity which appeared ‘‘to have formed from cleavage 
of a part of Hertwig’s sheath rather than from invagination of enamel epi- 
thelium,’’ was probably of this type. From Kitchin’s'® description and iilus- 
tration of Salter’s'! “warty tooth,” it would appear that in this case, too, the 
abnormality was a similar one although the warty outgrowth on the labial 
cervical region of the tooth from which the invagination arose constituted an 
unusual feature. 


Fig. 2.—The buccal part of the root of this “horseshoe reduction root form” of mandibular 
second molar has been cut away. The infolded portion of the root has the appearance of a 
“root within a root.” 


A. B. C. D. 


Fig. 3.—Mandibular second molars with incompletely developed roots. A_ represents a 
typical “horseshoe reduction form” in which there is a deep lingual infolding of the root; in 
B there is also a faint buccal groove, which in C is more marked and in D has fused with 
the lingual infolding to complete the process of root bifurcation. 


A further interesting feature in Rushton’s cases is that in two specimens 
enamel pearls were present, while in the third specimen a “fine strip of enamel” 
ran up the root from the cingulum into the opening of the invagination proc- 
ess. This extension of enamel from the neck of a tooth is frequently found in 
association with enamel pearls. While these findings may be regarded as 
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purely incidental, it can be said that there may be something in common be- 
tween the two abnormalities. Indeed, a close comparison may be demon- 
strated between their possible modes of formation (Fig. 4). Tratman'? made 
a similar comparison between the possible modes of formation of a coronal 
invagination on the one hand and the tuberele of a ‘‘tuberculated premolar’’* 
on the other. An enamel pearl is generally believed to arise from a ‘‘bud- 
ding’ of a portion of Hertwig’s sheath, which subsequently undergoes an 
enamel-producing function. This budding occurs on the side of the future 


A, B. 

Fig. 4.—Schematic representation of the possible modes of formation of an enamel pear! 
(A) and a radicular invagination (B). The basic difference between the two lies in the direc- 
tion cf “budding” of Hertwig’s sheath; in the case of an enamel pearl it occurs externally, and 
in the cace of a radicular invagination it occurs internally toward the dental papilla. 

C, Cementum; CT, connective tissue; D, dentine; HE, enamel of crown; ep, enamel of en- 
— beast ; ei, enamel of radicular invagination; HS, Hertwig’s sheath; P, pulp; PM, periodon- 
al membrane, . 
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periodontal membrane, and it represents a localized infolding of Hertwig’s 
sheath in that direction; within its central core, cells of the dental papilla 
extrude. Following on calcification, there results a nodule which is attached 
to the root and which consists of an enamel covering and frequently a core 
of dentine; the dentine is continuous with that of the rest of the root; occa- 
sionally a pulpal horn may extend into its center. The size of the enamel 
pearl varies according to the degree of proliferation that the budded epi- 
thelial cells undergo. 

The possible mode of formation of the type of radicular invagination 
under discussion differs basically from that of the enamel pearl in that the 
budding of Hertwig’s sheath occurs on the side of the dental papilla instead 
of externally. Its central core will then contain connective tissue which will 
be continuous with the dental follicle. Following on proliferation of the in- 
folded tissues, differentiation of the epithelial components into ameloblasts, 
and subsequent calcification, an enamel-lined invagination within the root will 
result; its center will contain connective tissue continuous with the perio- 
dontal membrane, and, if it has undergone metaplasia, there will be osseous 
deposits. The extent of the invagination and its degree of dilatation will 
depend on how much proliferation the infolded tissues (both epithelial and 
connective tissue) have undergone, as in the case of a Type 2 coronal invagi- 
nation, and the root of the tooth will become correspondingly distorted and 
dilated. 

From a clinical point of view, as long as there remains no communication 
between the invagination through its opening on the root surface and the 
oral cavity, no complications such as those which are commonly associated 
with coronal invaginations are likely to arise. However, the opening may be 
situated close to the anatomic neck of the tooth, as in Rushton’s Specimen 18 
and in the ease reported in this article, and, as the result of gingival recession 
and passage of infection from the gingival sulcus, the tissues within the core 
of the invagination will become infected and subsequently undergo necrosis. 
Pulp necrosis and other complications may then follow in the same way as 
coronal invaginations of Types 1 and 2.1 

In the literature other cases have been incorrectly described as repre- 
senting the radicular variety of dens invaginatus. Toto’ reported a case of 
bilateral invaginated maxillary lateral incisors; the invagination of the left 
tooth extended from the lingual pit of the crown to a foramen in the root, 
and its apical portion was lined by cementum instead of the enamel which 
lined the rest of it. He interpreted this abnormality as being a combination 
of both the coronal and radicular varieties. Quite clearly, it was identical to 
what I have previously described as a Type 3 coronal invagination,'! which is 
produced when the proliferating epithelial cells of a coronal invagination 
process lose their amelogenic property after a period and then attain the 
properties of Hertwig’s sheath. Another similar example is Miller’s™ well- 
known case of a maxillary canine which possessed some fifteen coronal in- 
‘vagination processes. One of these extended to a foramen in the root and was 
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eferred to as a ‘‘root within a root.’’ Its central canal was lined by cemen- 
um, and it was thus further deseribed by Miller as an “inverted root.’’ 
\itechin'® interpreted this invagination process as being possibly a lateral root 
nvagination of the type deseribed by Cohen, although Miller himself was of 
he opinion that it represented the ‘‘continuation of one of the enamel col- 
imns’’ derived from the crown. 

The following case displays the second type of radicular invagination 
leseribed in this article. In addition, the same tooth, a lateral incisor, pos- 
sessed a Type 1 (minor, enamel-lined) coronal invagination; the opposite 
‘ateral incisor also possessed a Type 1 coronal invagination. 


‘ASE REPORT 


A Chinese woman, aged 27 years, was referred by her medical practitioner for elimina- 
tion of oral sepsis. She had bronchiectasis. Both the maxillary lateral incisors had been 
fitted with ill-fitting metal shell crowns. These ‘‘restorations’’ were removed, and the crowns 
of both incisors were found to be diminutive and barrel shaped. Radiographs showed that 
the right lateral incisor possessed what appeared to be a fairly extensive dilated (Type 2) 
coronal invagination; the root itself was also dilated and there was an area of periapical rare- 
faction. The left lateral incisor possessed a minor (Type 1) coronal invagination, and its 
periapical tissues appeared to be normal (Fig. 5). There were extra cusps (paramolars 
of Bolk) on both maxillary second molars and an unerupted supernumerary tooth (mesio- 
dens) near the midline of the maxilla. 


Fig. 5. Fig. 6. 

Fig. 5.—Radiograph of case described in this article. The left lateral incisor is barrel 
Shaped and has a minor coronal (Type 1) invagination. An unerupted mesiodens is super- 
imposed over the root of the left central incisor. 

Fig. 6.—Radiograph of specimen. 


The left lateral incisor was extracted, and radiographs of the specimen (Fig. 6) 
appeared to confirm the diagnosis of a Typé 2 coronal invagination. It was only after 
serial labiolingual longitudinal sections of the. specimen had been prepared that the true 
nature of the abnormality was disclosed (Figs, 7 and 9). The tooth was found to possess 
two separate enamel-lined invaginations. The first was a minor (‘Type 1) coronal invagi- 
nation which arose from the incisally displaced lingual pit (Figs. 7, B and C, and 9). The 


Bis 
4 


OEHLERS O.S., O.M. & O.P 
November, 1958 


A. 


Fig. 7.—Serial labiolingual longitudinal sections of specimen (before grinding). Both 
sides of the sections are shown. Two separate enamel-lined invagination processes can be 
seen—a minor coronal (Type 1) invagination (black arrow in B and C) and a fairly extensive 
radicular invagination which arises trom an opening on the lingual side of the root (white 
arrow in FE and F'). No communication can be traced between the two invaginations. 


Fig. 8.—Photomicrograph of ground section of specimen showing the line of fusion (LF) 
between the layers of dentine related, respectively, to the coronal invagination (C/) and the ra- 
dicular invagination (RI). Much of the enamel of the radicular invagination has been lost 
through preparation. 
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second invagination was fairly extensive and occupied the greater part of the dilated cervical 
half of the root. A careful search of the sections was made for a connection between the 
‘wo invaginations. No such connection was traced, although at one area the two invagi- 
nation processes were separatcd by only a thin intervening strip of dentine in which 
was seen a line of fusion between the layer of dentine related to each respective invagination 
process (Figs. 8 and 9). It was further found that the second invagination communicated 
with the root surface through a slit on its lingual surface a little bit apical of the ana- 
tomie neck of the tooth (Figs. 7, E and F, and 9). It was deduced that this slit repre- 
sented the site of origin of the invagination process. The enamel which lined the in- 
vagination was markedly involuted and deficient in areas, but structurally it was well 
caleified; it was not connected along the surface cf the root with the enamel of the crown. 
Development of the root of the tooth had been completed and its apical portion was 


clothed by a fairly thick layer of cellular cementum. 


namel ; 


p.¢ Fig. 9.—Composite diagram of longitudinal section of specimen. C, Cementum; BH, e 
Rule of dente space; C/, coronal invagination; RJ, radicular invagination ; LF, line of 


SUMMARY 

The radicular variety of dens invaginatus is discussed and, of the cases 
reported in the literature, two distinct types are identified. 

The first type is represented as an axial infolding of a wall of the root 
and it indicates an incomplete attempt at root bifurcation. It does not display 
the morphologie and clinical characteristics common to other forms of dens 
invaginatus, and it is suggested that it be classified, instead, simply as a varia- 
tion of root morphology; it is one which occurs very commonly in the man- 
dibular second molars of the Chinese and Malays. 


\ 4 y N 

“4 


oF SHLERS O.S., O.M. & O.P. 
1260 OEHLERS November, 1958 


The second type is regarded as a true form of ‘‘dens invaginatus.’’ It is 
extremely rare and is represented as an enamel-lined invagination within the 
root, originating at an opening on the root itself. Its possible mode of forma- 
tion is compared with that of an enamel pearl. 

A ease displaying the second type of radicular invagination is reported. 


I wish to express my thanks to Mr. K. P. Yap for the photographs used in this 
article and to Mr. K. K. Chee and Che Sudri bin Ahmad who prepared the sections. 
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SYMMETRICAL FIBROUS SWELLING OF THE MANDIBLE 
WITH CHANGES IN THE DENTAL PULP 


Kéroly Balogh, M.D.,* and Kéroly Balogh, Jr., M.D.,** 
Budapest, Hungary 


YMMETRICAL fibrous swelling of the mandible and/or the maxilla is a 
S rare entity of unknown etiology, and it may affect several members of one 
family. The disorder develops fairly rapidly during childhood, but later it may 
remain statie or regress slightly. Jones'* described the first cases in four 
siblings and ealled the disorder ‘‘familial multilocular cystic disease of the 
jaws.’’ He also coined the term cherubism to characterize the facial deformity. 
Since then only a few additional cases have been reported, the number of the 
affected families totaling fifteen.“’* Many of these observations were de- 
seribed under a variety of terms, such as ‘‘bilateral giant-cell tumor,’” ‘‘dis- 
seminated juvenile fibrous dysplasia of the jaws,’’* ete. It is remarkable that, 
so far, only four families showing this disorder have been observed outside 
the United States. One was reported in France and the disease was called 
hyperplasie symétrique et héréditaire de type myéloplaxique."’ One family has 
been reported from South America,’* and two other families have been recently 


surveyed in England."* 


CASE REPORT 


History.—An 8-year-old boy was presented at the University Stomatological Clinic in 
Budapest with the chief complaint of a slowly growing tumefaction of the lower jaw of 
one year’s duration. The lesion had always been painless and caused no other symptoms. 
Mastication and swallowing had not been disturbed. Past medical history was that of the 
usual childhood diseases. 

Family History—The patient’s father had a similar configuration of the mandible, 
although to a lesser degree. (Recent roentgenographic examination of the father’s jaw 
showed no lesions, however.) A deceased uncle of the patient’s father had a ‘‘strong jaw’’ 


A 5-year-old brother and the mother of the patient had normal facies. (No ab- 
The family history was 


too. 
normality was found on x-ray pictures of their skeletal system.) 


otherwise noncontributory. 

Physical and Oral Examination—The patient was a well-nourished, physically and 
mentally well-developed boy for his age. His physical examination, apart from that of the 
head, was essentially negative. Neurologic examination revealed no abnormality. 


*Professor of Stomatology, Budapest University, School of Medicine and Dentistry. 
**Clinical and Research Fellow in Pathology, Massachusetts General Hospital, Boston, 
Massachusetts ; formerly Instructor, Budapest University, School of Medicine, 1st Department 


of Pathological Anatomy and Cancer Research. 
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The angular regions of the mandible were bilaterally swollen. The rami of the man- 
dible were increased in volume and gave a round, chubby facial expression (Fig. 1). The 
mandibular mass was painless on pressure and felt as hard as bone. The alveolar ridges 
were hard and slightly bulged toward the molar teeth. The complete dentition was normal 
for the patient’s age! and showed the following formula: 


-65 4 iii 21 | 12 ii 45 6- 
--vivii21|12ii4v 6- 


Fig. 2. Fig. 3. 


Figs. 2 and 3.—Preoperative lateral roentgenograms (right and left sides) showing multiloc- 
ular cystlike mandibular lesions. Note the preserved cortical bone. 


Roentgenographie examination showed radiolucent lesions of the mandible on both sides 
(Figs. 2 and 3). The roentgenologic report reads as follows: ‘‘The angle and ramus 
of the mandible are enlarged bilaterally. The normal bone structure has disappeared and 
is replaced by a honeycomb-like radiolucent mass. The outlines of the cortical bone are 
preserved, On the right side the unerupted permanent first and second molar teeth are 


4 
Fig. 1.—Characteristic facial appearance due to the bilateral enlargement of the mandible. 
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very deeply sited and lean towards each other. The crown of the third molar tooth on the 
left side is missing.’’ X-ray pictures of the skull, extremities, and pelvic bones showed 
no pathologic changes. 

Laboratory Data.—Hematologie and serologic work-up was negative; serum proteins 
were normal. Serum calcium was 9.6 mg./100 ml., serum phosphorus was 5.8 mg./100 ml., 
and serum alkaline phosphatase was 8.9 Bodansky units (all normal for the patient’s age). 
Urinalysis was negative. 

Management.—After the diagnosis was made, operation was considered in view of the 
progressing tendency of the lesion. There was no clinical evidence of malignancy, and 
conservative surgical intervention was decided upon. A unilateral operation was believed 
to have the following distinct advantages: It would give information about the post- 
operative bone repair and at the same time would yield material for a definite histologic 
diagnosis, These data would then be used in the operation on the contralateral lesion. 
Besides, a simultaneous operation on both sides would have caused greater discomfort. 


Operation.—After induction of conductive and local anesthesia, a mucoperiosteal flap 
was reflected over the molar and retromolar area on the right side. The thin osseous shell 
covering the molars was opened and these two tooth germs were removed. The first molar 
was impacted to such an extent that its extraction would have involved the risk of 
fracturing the mandible. Around the tooth germs and deep in the marrow cavity, a fairly 
large amount of soft to rubbery grayish brown tissue was observed. This replaced most 
of the normal bone tissue and was easily curetted. The wound was closed with interrupted 


silk sutures. 


Fig. 4.—Cellular connective tissue among the bone trabeculae. Note the absence of osteo- 
blasts toward the periphery of the lesion. 


Uneventful wound healing followed, and subsequent roentgenograms indicated favorable 
regeneration of the bone tissue. Three months after the first operation a similar procedure 
was performed on the left side. In the course of this, the first molar and the germ of 
the second molar were extracted, since they lay in the mandibular lesion. The patient 
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was followed up carefully. Roentgenograms taken fourteen months after operation showed 
satisfactory repair by newly formed bone in the area of the surgical intervention and 


no progression of the lesion. 


Pathologic Examination.—The tissues removed at both operations were fixed in 10 
per cent formalin, decalcified if necessary, and embedded in paraffin or celloidin for 
histologic examination. The microscopic changes were similar in both specimens. Each 
specimen consisted of large amounts of cellular connective tissue. The individual cells 
were more spindle shaped in the denser parts of the tissue, while they were stellate in the 
less dense areas. Sometimes the cells formed whorls or were intermixed with collagenous 
fibers. In this irregular meshwork of connective tissue a few bone spicules in various 
stages of development were seen (Fig. 4). The bone spicules and trabeculae did not 
seem to be oriented in a functional pattern but lay scattered apparently rather haphazardly. 


™ 

é 


Fig. 5.—Vascular mesenchymal tissue with several giant cells. 


Some osteoblasts were present, and the formation of osteoid or new bone was occasionally 
noticed. Multinucleated giant cells were present in the cellular stroma (Fig. 5). Many 
of the giant cells looked not unlike osteoclasts, sometimes occurring in the neighborhood 
of capillaries. Not infrequently focal hemorrhages and hemosiderin containing macrophages 
were observed, but no xanthoma cells were noted. In some of the more fibrotic portions 
chains and buds of epithelial cells were encountered (Fig. 6). These strands were con- 
sistent with Malassez’s epithelial rests. 

The included teeth showed changes in the pulpal tissues. The odontoblasts, instead of 
forming a continuous layer, were pushed apart (Fig. 7, B). The dislodged cells lay between 
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jherical or polygonal optically empty spaces. At some points the connection between 
lontoblasts and Tomes’s fibers was maintained. The number and size of the pulp cells 
ere slightly reduced, with early fibrosis and hyalinization around the blood vessels and 
Throughout the pulp, mainly in the vicinity of blood vessels, several round calcific 


erves. 


dies (denticles) of varying size were noticed (Fig. 7, 4). 


Histologic diagnosis: Dysplastic fibrosis of the bone. Regressive changes in the 
ntal pulp with vacuolization of the odontoblasts. 


Fig. 6.—Nests of epithelium resembling remnants of enamel organ. 


COMMENT 


The occurrence of this disorder could have been traced back for three 
generations in this family. The absence of radiolucent areas on roentgeno- 
eraphie examination of the father’s jaw does not preclude this assumption. 
Some authors’ believe, rather, that in adult life multilocular rarefactions are ~ ; 
either poorly defined or absent and the entire mandible may appear sclerotic. 
Therefore, the gross facial expression of the patient’s father and of the 
father’s uncle may be accepted as suggestive of a familial disorder. The his- 
tory and elinieal findings of this ease are typical and need no further comment. 
The morphologic aspects of the osseous lesion are characteristic of this entity. 
These are well known and have been discussed in previous papers.'*'® 

Although the patient’s dentition was normal for his age, roentgenograms 
revealed the absence of the germ of the left third molar. Since the normal 
development and eruption of the third molar would occur at just about this 
patient’s age, its absence may be correlated to the locally destructive effects 
of the expanding lesion. It has been known that fibrous dysplasia of the jaws 
may be associated with the absence and/or displacement of one or more teeth. 
This has given rise to some speculation, and McDonald and Shafer" thought it 
improbable that the destructive process could have been responsible for the 
absenee of permanent tooth buds. Rather, they considered the dystrophy 
related to odontogeny and thus not unlike a hamartoma. 
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— Fig. 7.—A, Moderately fibrous pulp with denticles. Low-power view of first left molar 
ooth. 
B, High magnification of specimen shown in A. The dentine (1) looks normal. The 


roo aaa (2) show vacuolization; note slightly fibrous pulpal stroma (3) containing den- 
icle(4). 


No mention has been found in the literature of pulpal changes associated 
with fibrous dysplasia of the jaws as such, although Seward and Hankey’ 
briefly mention the histologic picture of an unerupted extracted tooth. They 
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‘ound in the root, to a large extent, nonecellular cementum, which had 
een deposited over the cellular cementum and constituted hypercementosis 
‘oward the apex. The dental changes in our case were present in the teeth 
the affected region. The vacuolization of odontoblasts is evidence of 
-etrogression accompanying irritation or age.’ The same holds for the other 
sulpal changes. The presence of denticles in the pulp of an 8-year-old child 
-annot be regarded as normal. All these regressive changes may be induced 
\y loeal abnormalities,* and this probably explains the pulpal lesions ob- 
served in our ease. The extensive destruction of the periodontal bone could 
ave impaired the metabolism of the more sensitive portions of the teeth 
-nough to produce these changes. 

The question arose as to whether the pulpal fibrosis was of the same 
nature as the bone lesion. There were points that would not contradict this 
view. The developing teeth had bell-shaped pulp cavities with the broadest 
opening at the apical foramen. This would facilitate the extension of fibrous 
dysplasia into the pulp. Sinee this fibrosis in the region of bone was associated 
with osteolysis and in general little evidence of osteoblastic activity has been 
noticed, the pulpal lesions may be analogous to the bone lesion. This theory, 
however stimulating, would need histochemical confirmation, which was not 
possible because of technical difficulties. 

In our opinion, eases such as this, where fairly active bilateral dysplastic 
fibrosis of the jaws is to be dealt with, require surgical treatment. The 
more conservative attitude of some authors, who, hoping for the spontaneous 
regression of the lesion prefer to wait until the patient reaches puberty, 
was fully borne in mind and discussed before operation. The favorable re- 
sult in our case, however, justified the surgical procedure. 


SUMMARY 


A ease of-symmetrieal dysplastic fibrosis of the mandible in an 8-year-old 
hoy has been reported. There has been a family history suggesting the disorder 
for three generations. The patient was operated on in two stages. Roentgeno- 
graphic examination fourteen months postoperatively showed replacement of 
the excised lesion by newly formed bone tissue and no further progression. 
The histologic examination of the extracted teeth showed vacuolization of the 
odontoblasts and lesions of the pulp proper, which were considered retrogres- 
sive and consequent to the dysplastic fibrosis of the mandible. 
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ENDODONTICS 


UFFECTS OF THE TOPICAL APPLICATION OF A 
VASOCONSTRICTOR AND A VASODILATOR ON THE 
CAPILLARY CIRCULATION OF THE DENTAL PULP 


D. Vincent Provenza, Ph.D.,* and W. Robert Biddington, D.D.S.,** 
Baltimore, Md. 


HE characteristics of the vascular channels which have been described as 
‘Tae this system in the pulps of human teeth have been categorized 
relative to their funetional activity. Those struetures which, by virtue of 
their simplified anatomic features, are the principal physiologic components of 
the pulp are classified as capillaries. The structure of these vessels consists 
solely of an endothelial tube. The afferent vessels to this network are the 
arterioles; the efferent vessels are venules. 

Until recently it was believed that the capillary system of the dental 
pulp consisted only of the capillary type deseribed above, the true capillary. _ 
However, histologic studies by Provenza' of the capillary beds of the radicular 
and coronal pulp of human teeth show components which vary relative to the 
presence or absence of muscle fibers in their walls. These sphinetered capil- 
laries are of two types: metarterioles and precapillaries. The metarteriole 
differs from the true capillary in that at varying intervals one or several 
musele fibers encirele the endothelial tube. The preeapillary differs from the 
true capillary in that at the segmental junction of attachment to the parent 
vessel one or several muscle fibers are found. 

It has been suggested that, although definitive measures relative to the 
effect of the muscular capillaries on the dynamic process of the pulp cannot be 
ascertained, one might propose that an appreciable influence is exerted as 
manifested by the frequency with which these vaseular components are en- 
countered in the capillary circulation.’ 


*Professor, Department of Histology and Embryology, Baltimore College of Dental 
Surgery, Dental School, University of Maryland. 

**Associate Professor, Department of Oral Medicine, Baltimore College of Dental Surgery, 
Dental School, University of Maryland. 
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Since the capillary network was believed to be wanting in muscular com- 
ponents, hyperemic conditions were explained on the basis that transudation 
of tissue fluids from the blood vessels resulted in external pressures on the 
capillary wall, thus causing occlusion of the lumen of the vessels involved. 
It has been suggested that, with the presence of metarterioles and precapillary 
sphineters, capillary occlusion and subsequent pulp degeneration are not due 
entirely to tissue fluids but are due in some measure to the contraction of 
muscular components of the vessels. 

In the original investigation of the tooth pulp’ no attempt was made to 
determine the innervation of the muscular components of the metarterioles and 
the sphincters of the preeapillaries. The first demonstration of this was on the 
human heart by Provenza and Scherlis.” 

Sinee the presence of a muscular type of capillary has been established in 
the dental pulp, the question arises as to whether it is possible to influence 
intrinsically the caliber of the lumina of muscle-bearing capillaries. Vasocon- 
striction and vasodilatation by muscle sphineters in the capillary circulation 
of the dog’s heart has been demonstrated by Scherlis and Provenza.* The 
purpose of this study is to determine the possibilities of effecting changes in 
lumen diameter by the topical application of a vasoconstrictor and vasodilator 
to the dental pulp and to demonstrate innervation of the muscular components 
of the metarterioles and precapillary sphineters. 


MATERIAL 


AND METHODS 


Clinical Procedures.—The clinical procedures were performed on teeth, 
possessing healthy vital pulps, that were to be extracted for reasons other 
than pulpal involvement. 

In all eases the teeth were anesthetized with a local anesthetic (Novoeain, 
Pontoeaine, and Cobefrin), using block anesthesia instead of infiltration. It 
has been shown by Provenza' that the amount of vasoconstriction caused by 
the use of block anesthesia did not appreciably affect the pulp vessels. 

Two preparations were used for covering the exposed pulps. One con- 
tained calcium hydroxide mixed with a solution of Adrenaline 1:10,000, and 
the other contained calcium hydroxide and nitroglycerin 1:200 mixed with 
distilled water. 

The experimental teeth were placed under a rubber dam, and the field of 
operation was sterilized with Zephiran solution 1:1,000 and 70 per cent alcohol. 
An aseptic technique was used throughout the entire procedure. 

The pulps of the teeth were then slightly exposed by removing the enamel, 
dentine, and caries, if present, with suitable burs. The slight amount of 
hemorrhage which resulted was controlled by placing slight pressure over the 
exposed area of the pulp with a sterile cotton pellet. 

Once the hemorrhage was controlled, the area was cleansed with 3 per 
cent hydrogen peroxide and dried with sterile cotton. 


olume tt EFFECTS OF TOPICAL VASOCONSTRICTOR AND VASODILATOR 127] 


‘umber 


The exposed pulp was covered with a small amount of the calcium hy- 
iroxide mixture which contained either the vasoconstrictor or the vasodilator. 
‘he two capping materials were used on alternate cases. The remaining por- 
‘ion of the cavity preparation was restored with zine-oxyphosphate cement. 


Microtechnical Procedures.—Approximately one hour after the pulp was 
-apped, the tooth was extracted and immediately fixed in 10 per cent formalin. 


All the experimental teeth were allowed to remain in formalin for a period 
of from one to two weeks. At this time the pulps were extirpated and placed 
in 10 per cent formalin for an additional twenty-four hours. The pulps were 
washed in running tap water, dehydrated by the usual aleohol series, cleared 
in xylene, and embedded. The pulps were cut at 5 microns, some in cross 
sections and some longitudinally, and were serially arranged on coded slides. 

The Lillie-Pasternack* method was used to demonstrate the muscle com- 
ponents of eapillaries, while the Bodian® method was used to demonstrate 
Alternate slides were stained by these procedures. 


nerve endings. 


RESULTS 


All of the musele-bearing blood vessels, arteries, veins, and capillaries, 
(metarterioles and sphineters of precapillaries) demonstrated vasodilatations 
with the topical application of nitroglycerine. The structures actively affected 
were the endothelial cells of tunica intima and the muscle cells of tunica 
media. The intima of the arterioles and vessels of similar or lesser caliber of 
the pulp consist, for the most part, only of an endothelial lining. The endo- 
thelial lining appeared distended, increasing the diameter of the lumen. This 
inerease in lumen diameter is reflected in the appearance of the cell in the 
nuclear region. The nucleus thus decreased in thickness became elongate and . 
appeared fusiform in shape. The circularly disposed muscle cells composing 
the media were distended. The nuclei of these cells were laterally flattened. 
An adventitia, per se, is wanting in these vessels. However, the surrounding 
pulpal tissue appears slightly compressed. 


The muscular eapillaries (metarterioles and sphineters of the preeapil- 
laries) were affected in the same manner as their larger counterparts. The 
lumina of all the vessels appeared dilated. This condition was particularly 
obvious in the metarterioles (Fig. 1) and preeapillaries (Fig. 2). In those 
vessels whose normal lumen diameter is such that it snugly accommodates an 
erythrocyte, dilatation occurred to the extent that the contiguity between 
the endothelial lining and the erythrocyte was lost (Fig. 1). The true eapil- 
laries, those whose composition consists only of an endothelial lining, were 
conspicuously in evidence, since they contained within their lumina a single 
row of blood elements (Fig. 6). It was further noted that the total volume 
of blood within the vascular elements exceeded that which was present in 
the control pulps. 


| 
F 
~ 


1272 PROVENZA AND BIDDINGTON 

The pulps to which Adrenaline had been applied topically demonstrated 
an appreciable decrease in the amount of blood present in the blood vessels 
of all ealibers. The true capillaries were rarely in evidence. This phenomenon 
is probably a result of the collapse of the delieate endothelial walls. 

The muscle-bearing blood vessels of the coronal as well as the radicular 
portions of the pulp were characterized by marked vasoconstriction. The 
endothelial cells which have adjusted to the decrease of lumen diameter have 
compensated for this reduction in length of the cell by increasing the thick- 
ness. The nuclei of these cells were ovoid in shape. However, rarely were the 
nuclei observed protruding into the lumen of the vessel. Where this protrusion 
did oceur, it was never to the extent that it completely occluded the lumen. 


Fig. 1. 

Fig. 1.—Metarteriole (topical application of vasodilator). L, Dilated lumen; E, endo- 
thelial nucleus; M, muscle nucleus; R, erythrocytes. (Romanowsky stain. Magnification, 
reduced \%.) 

Fig. 2.—Precapillary (vasodilator). L, Dilated lumen; E, endothelial nucleus; M, mus- 
cle nucleus; N, nerve fibers. (Bodian stain. Magnification, 1,350; reduced \%.) 

The muscle components of the media were contracted. This manifestation 
resulted in muscle nuclei which were also shortened in length. Frequently 
the nuclei were serpentine in shape, particularly in the larger vessels. The 
musele fibers of the metarterioles and the preeapillaries demonstrated similar 
contraction. The lumina of these vessels were reduced considerably in dia- 
meter (Fig. 3). 

Innervation of the tooth is a result of one or more nerve trunks entering 
the apical foramina. The path which the nerve trunks follow as they travel 


Fig. 4. 


Fig. 3.—Metarteriole (vasoconstrictor). L. Constricted lumen; E, endothelial nucleus ; 
Mv. muscle nucleus; R, erythrocytes. (Romanowsky stain. Magnification, x900; reduced \%.) 

Fig. 4.—Nerve trunks (root). 7, Nerve trunks; A, artery. (Bodian stain. Magnifica- 
tion, X60; reduced \%.) 


Fig. 5. ' Fig. 6. 


Fig. 5.—Nerve fiber (coronal pulp). K, Knotted fibrillar process; N, nerve fiber; A, 
artery; V, vein. (Bodian stain. Magnification, X150; reduced \%.) 

Fig. 6.—Metarteriole (constrictor). Same as Fig. 7 but at different focus to show 
muscle nucleus (M) and erythrocytes (R). (Bodian stain. Magnification, x900; reduced \%.) 
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through the root is the same as that which the larger vessels take (Fig. 4). 
Upon entering the coronal pulp, individual or smaller groups of fibers branch 
from the main trunk. By this time the nerve trunks are considerably reduced 
in size. Branching of the nerves is generally associated with the bifurcating 
process of the accompanying vessel; this branching results in a network of 
nerve fibers which is denser in the peripheral region of the pulp. Although 


Fig. 7. Fig. 8. 
Fig. 7.—Metarteriole (constrictor). Same as Fig. 6 but at different focus to show 
—— fibrillar process (K) and erythrocytes (R). (Bodian stain. Magnification, «900; 
reduced ¥%.) 


Fig. 8.—True capillary (vasodilator). L, Dilated lumen (passive); E, endothelial 
nucleus; N, nerve fiber. (Bodian stain. Magnification, 1,350; reduced \%.) 


the larger nerve trunks are intimately associated with the accompanying 
vessels in the radicular pulp, the smaller nerve fibers found in the coronal 
pulp need not be associated with vessels of smaller caliber (Fig. 5). In the 
arterioles the accompanying nerve was observed to send off branches at vary- 
ing intervals, the endings of which terminated in knotted fibrillar processes in 
the muscle cells of the media. In the metarterioles and precapillaries a similar 
arrangement was noted, by which the nerve fiber which traveled parallel to 
the long axis of the vessel sent off smaller branches in the vicinity of the 
muscle sphincter, also terminating in a knotted fibrillar process encompassing 
the cell (Figs. 2, 6, and 7). Although nerve fibers were observed to follow the 
course of the true capillaries, nerve endings were not observed innervating the 
endothelial walls (Fig. 8). 
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DISCUSSION 


Since the original study on capillary circulation of the dental pulp did 
ot inelude the determination of the innervation of the capillary types, this 
hase was ineluded in the present study. The nerve endings penetrating the 
ausele cells in the metarterioles in the dental pulps of man are similar to those 
which have been described by Woolard® in the mammals he investigated. 
ifowever, whereas Woolard was unable to determine a definitive nerve-end 
ipparatus of the fibers, this strueture is demonstrated in the metarterioles 
and the preeapillary sphincters of human pulps as a knotted fibrillar process 
which is closely allied to that observed by Busch’ in the frog’s tongue. 

The possibility of the intrinsie ability of contraction of the true capillaries 
has been variously discussed. Midsuno* and Sanders and associates® are of 
the opinion that endothelial cells are capable of contraction to the extent that 
the lumen is occluded. However, Chambers and Zweifach’® and Kahn and 
Pollak"! maintain that contraction of such vessels is passive, resulting from 
the contraction of the muscular elements of the metarterioles and precapillary 
sphineters with which the true capillaries are in communication. In the non- 
museularly coated capillaries of the human pulps, no evidence of contraction 
was observed,’ however, they were observed in a collapsed condition. The 
present study tends to corroborate these findings, for although nerve fibers 
were found to be in intimate association with these capillaries, the terminal 
knotted fibrillar processes were conspicuously absent from the endothelial 


cells. 

The difference in the density of the network of nerve fibers in the coronal 
pulp appears to be in harmony with the eapillary network, for it has been 
demonstrated that the density of the capillary bed is greatest toward the 
periphery of the pulp where the cell population is also the greatest." 


Since the capillary system of the dental pulp possesses muscular com- ~ ; 


ponents that ‘are capable of controlling the diameter of the lumen, this fact 
would tend to indicate that some physiologic purpose must be served by these 
structures. As to the degree of influence exerted by the capillary system upon 
the total dynamie process of the pulpal tissue, one may assume that a con- 
siderable influence is exerted by virtue of the profuseness of the capillary 
network, particularly in the peripheral region. 

It has been shown that the topical application of both a vasoconstrictor 
and a vasodilator does exert an appreciable influence on the caliber of the 
vessel lumen and on the total blood volume contained within the pulp. Under 
normal conditions some of the nonmuscular capillaries are in a state of collapse. 
This condition is a result of the lack of blood contained in the lumen and the 
delicateness of the endothelial wall. It has been demonstrated in this study, 
however, that not only the muscular vessels (arterioles, venules, and muscular 
capillaries) are dilated and engorged with blood by the application of a 
vasodilator, but that even the true capillaries are affected. This, however, is 
a passive effect by which the blood vessels are responding to increased blood 
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flow. Hence, the possibility of encountering collapsed capillaries is rare. The 
opposite condition is also true in the ease of the application of a vasocon- 
strictor. Not only is there less blood found in the muscular vascular com- 
ponents, but this condition is reflected in the nonmuscular capillaries, namely, 
the reduction in the frequency with which the capillaries are observed because 
of the collapsed state. 

On the basis of the foregoing, is it possible that hyperemia of the pulp and 
subsequent strangulation are not entirely influenced by the external pressure 
on the eapillary vessel? If this condition exists, then what effect does the 
capillary network, with its muscular elements, have upon pulpal disease? 
And, finally, since it has been shown that it is possible to control the caliber of 
the capillary vessels by the topical application of various drugs, is it possible 
to control the vascularity of the dental pulp to the extent that this procedure 
may be of therapeutic value in the treatment of diseases of the pulp? 

Certainly, the data obtained in this study would indicate that further 
investigation is warranted. 


SUMMARY 


1. Nerve fibers that accompany the blood vessels are in intimate associa- 
tion. 

2. Knotted fibrillar nerve endings were observed to terminate in the 
museular walls of the media of larger vessels, in the muscle fibers of the 
metarterioles, and in the preeapillary sphineters. 

3. No endings were observed terminating in the endothelial cells of eapil- 
laries. 

4. Vasodilatation of all muscle-bearing components of the vascular system 
of the pulp (radicular and coronal) can be effeeted by the topical application 
of nitroglycerin. 

5. Vasoconstriction of the muscular vessels of the pulp can be induced by 
the topical application of Adrenaline. 

6. Since vascularity may be controlled by the use of certain drugs, there 
exists the possibility that they may be of therapeutic value in the treatment 
of certain pulpal diseases. 
Appreciation is expressed to Myron 8S, Aisenberg, Dean, and Claude P. Taylor, Di- 
rector of Visual Education, Baltimore College of Dental Surgery, Dental School, University 
of Maryland, Baltimore, Maryland, for their invaluable assistance. 
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BACTERIOLOGIC CONTROL IN ENDODONTICS 


Morris M. Glasser, D.D.S., F.A.C.D., Boston, Mass. 


Be use of cultures in endodonties has been debated for many years, but 
statistics indicate that it is now the only correct and accepted practice. 

The main purpose of endodontic therapy is to restore the tooth to health 
and function.! To do this, we must determine whether or not infection is 
present and eliminate the pathology. Only through the culturing of the root 
canals can this be determined. Infection, of course, means the presence of 
tissue damage caused by microorganisms. Tissue damage can be recognized, 
on oceasion, by roentgenographic changes in the bone matrix. However, this 
can oceur without the invasion of bacteria. Although pus may be a result of 
tissue destruction, this exudate can be sterile. Therefore, infection can be 
determined adequately only by culturing. 

The use of antibiotics in endodontic therapy has popularized this method 
of destroying bacteria in root canals. Conversely, if the antibiotie did not 
produce sterile cultures, other combinations of antibiotics were substituted.* 

In our particular study of bacteriologiec control in endodontic therapy, 
we were able to determine that salivary contamination invading the root canal 
dressings was causing at least 30 per cent of the positive culture growths. 
The polyantibiotics and caprylate, with their destructive power against gram- 
positive, gram-negative, and monilial agents, were, nevertheless, apparently 
adequate for sterilization of all the canals.* This study also indicated that 
prolonged therapy usually was not necessary and that sealing the pulp cham- 
ber against salivary contaminants decreased the number of visits to a minimum. 

The adequate retention of the temporary seal into the root canal was accom- 
plished best with the use of copper bands used as a retaining wall in this 
series of extensively destroyed teeth. Sommer and his colleagues! stress the 
use of bands as a ‘‘pre-endodontie preparation of the tooth.’’ 

The use of rubber dam in dentistry dates back to 1864, when it was intro- 
duced by Dr. Sanford C. Barnum of New York.* With the advent of endo- 
dontics as an accepted specialty, the rubber dam technique again plays a 
major role in giving this young specialty its proper recognition. The rubber 
dam became the keystone of the culture procedure, permitting the use of a 
Sterile technique. Thereafter, endodonties was destined to gain full scientific 
equality with other specialties in dentistry. 
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The question of the need or even the desirability of the use of rubber dam 
n root canal therapy is still being debated by a few. One wonders if the dis- 
‘cussion of this essential item is not being prolonged purely because of the 
bstinaey of some who just refuse to become more fully acquainted with the 
nechanies of applying rubber dam, simple as it is for the expert endodontist. 

In operative techniques most students were taught to ligate three teeth 
nterior and if possible at least two teeth posterior to the tooth being treated, 
ut in endodontic therapy this requirement for ligation of multiple teeth is 
voided. With some special exceptions, the tooth treated is the only one 
solated by the rubber dam. 


A. 


Cc. 


Fig. 1.—Pulp-involved molar. «a, Proximal caries extending to gingival crevice: salivary 
contamination is certain, even if rubber dam is carefully applied. b, Silver points in canals. 
c, Copper band with cement placed over crown allowing the canals to be protected against 


salivary contamination. d, Root canals completed utilizing a sterile field. 


It must be emphasized that in speaking of a sterile technique we mean 
one which involves the absence of microorganisms. In operating upon teeth 
that have approximal fillings or when the cavity approach to the pulp cham- 
ber involves the approximal surfaces of the tooth, a method for sealing these 
surfaces against the ingress of bacteria from the oral fluids must be devised. 
To this end, the use of copper bands has become the method of choice. How- 
ever, the use of a full silver crown is another method that may be employed 
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for badly broken-down enamel walls. Although the rubber dam is used, strict 
sterility free from contaminants from the oral flora will be difficult or im- 
possible if the tooth has approximal fillings, inadequately retained, or full 
crowns that may not be absolutely well fitted at the gingival margin. 

It has been found that teeth having approximal fillings of amalgam, gold 
silicate, or plastic will be a source of secondary contamination from the saliva, 
even though the rubber dam is thoroughly well placed and ligated. Up to 30 
per cent of these well-filled teeth being treated for root pathology showed con- 
sistent positive cultures. Subcultures showed the presence of microorganisms 
endemic to the mouth. This was further proved to be caused by leakage at 
the margin of the fillings, thereby allowing salivary contamination of the root 
canal dressing. 

After these teeth are carefully sealed with a well-cemented copper band, 
the cultures immediately become consistently negative. In those cases in 
which positive cultures were still persistent, this was found to be due to the 
copper band not being well sealed gingivally or the occlusal entry into the 
pulp chamber not being secure. 

For those who believe that using cotton rolls is adequate for avoiding the 
ingress of saliva during root canal therapy, it may be stated that imperceptible 
gingival seepage will invariably contaminate the root canals with oral micro- 
organisms. 

Plastie fillings were found to be the worst offenders, followed by gold 
shell crowns. Full-crown coverage, such as veneers, showed only a small 
percentage of leaks. Amalgams were next in order, followed by gold inlays. 
In the ease of amalgam restorations and gold inlays showing leakage, it was 
believed that this seepage was due primarily to some possible disturbance in 
the retention of these restorations when entry into the pulp chamber required 
cutting through these restorations. Porcelain jackets were the least offenders. 
X-rays were not particularfly significant in finding such seepage areas, since 
a carious lesion was not necessary to allow contamination. 

It might be pointed out that salivary contamination occurred in premolars 
or molars that were being treated after occlusal rehabilitation was completed 
or where there were soldered or joined crowns preventing adequate adapta- 
tion of the rubber dam. In such instances the elimination of microorganisms 
and fluids of the mouth became a difficult problem for the maintenance of 
sterility. This, of course, may endanger the entire restorative bridge that was 
dependent upon the treated abutment tooth. These joined approximal sur- 
faces prevent the rubber dam from adapting itself adequately. The use of 
dental floss drawn tightly around the cireumference of the tooth treated and 
under the rubber dam clamp will usually produce a tight seal. 


TECHNIQUE OF AMALGAM ISOLATION OF ROOT CANALS 


One method that gives satisfactory protection from bacterial contamina- 
tion is the amalgam isolation of root canals. This technique is found par- 
ticularly helpful in treating abutment teeth with full erowns which have given 
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onsistently positive cultures. After complete instrumentation of the root 
‘anal, utilizing a surgically clean technique with the rubber dam, the pre- 
yared canal point is left in position in the canal. Several coats of varnish 
ire placed over the occlusal extension of the silver point. A minute quantity 
ff a water-soluble emollient is placed, in addition, over the entire canal 
joint. Amalgam is now condensed into the pulp chamber, just as in placing 
in amalgam filling. As soon as crystallization of the amalgam begins, the 
‘oot canal point is rotated and pressed in opposing directions so as to en- 
arge the orifice slightly. As the amalgam begins to set and has hardened 


A. B. 


Fig. 2.—Amalgam isolation technique in occlusal rehabilitation. a, The second premolar 
has a leak from a careous process at the margin of the gold crown which allows contamina- 
tion of the canal. b, The carious process is removed and amalgam is packed through the occlu- 
sal portion of the gold crown whi'e the silver point is in the root canal. c, This seals the 
leak and prevents salivary contamination. d, Periapical pathology healed. 
considerably, the root canal point is removed. Lavage and medication of 
the canal can now be accomplished and a cotton absorbent point left in the 
prepared canal, followed by the regular method of sealing pulp chambers. It 
is desirable that the pulp chamber be only half-filled with amalgam so as to 
allow room for the double seal of gutta percha and temporary cement. 

The amalgam isolation technique may be used successfully to overcome 


a suspected leaky margin beneath a gold crown that would otherwise condemn 
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Fig. 3.—Retention of roots treated by endodontics utilizing the amalgam isolation tech- 
nique. a, Periapical pathology, preoperative. b, Silver point in canal ready for isolation. ec, 
Copper band cemented over root; amalgam packed to isolate root canals. d, Canals completed 
utilizing a sterile technique. 
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4.—Amalgam isolation of root canals. a, The root canals are prepared using a clean 
sustiaieee. b, The silver points are adequately fitted and left in the canals. c, A water-soluble 
émo.lienc is used to coat the points. d, Silver amalgam is packed in the pulp chamber to iso- 
late the root canals so that a sterile technique can now be utilized. 
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the erown and the entire bridgework unless, of course, the crown can be read- 
‘ly removed and remade. After negative cultures have been obtained, the 
‘anal point is cemented according to an accepted technique. The final filling 
is placed subsequently. 

lor the tooth that presents weak or broken enamel walls and is not pro- 
ected by a gold crown, the cement seal either packed as the amalgam or in 
-onjunction with a copper band will produce satisfactory results. A hazard 
o be avoided is the ingress of cement particles clogging the canals. 

For the anterior tooth that presents a similar problem of bacterial con- 
‘amination due to broken-down walls, a plastie crown form filled with silicate 
may also be suitable. A proper vertical approach to the root canal may then 
be established through the cingulum. 


CONCLUSIONS 


1. The use of the rubber dam is absolutely essential in root canal therapy. 

2. The use of bacteriologic cultures depends upon the correct application 
of the rubber dam. 

3. The value of bacteriologic cultures is to determine (a) the presence or 
absence of microorganisms or (b) the adequacy of marginal fit of the restora- 
tion prevalent on the tooth at the time of endodontic therapy. 

4. A method has been suggested for overcoming salivary and bacterial 
contamination due to faulty restorations without necessarily condemning the 
entire restorative appliance. This is particularly applicable in case of abut- 
ment teeth carrying complicated ponties and in need of endondontie therapy. 

5. It has been pointed out that in a large number of cases retreated re- 
peatedly because of positive bacterial growth, the contaminants are micro- 


organisms from the saliva, and not from the root canal per se, and that the 


medication is not to be condemned as inadequate. 

6. Finally, it strongly bears repetition that only with the use of the rub- 
ber dam and bacterial cultures may the operator be certain that he is not 
filling the root canal in a “‘bed of salivary contamination.’’ 
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RESEARCH 


THE EFFECT OF VITAMIN D ON THE BERYLLIUM RICKETS OF 
THE RAT INCISOR 


Frank M. Wentz, D.D.S., Ph.D., I. Schour, D.DS., Ph.D., D.Sc., and J. P. 
Weinmann, M.D., Chicago, Ill. 


REVIOUS investigations on the effect of beryllium compounds have been 
P motivated by two objectives. One was to study the influence of beryllium on 
different tissues, especially those of the skeleton; the other was to explore the 
specific influence of beryllium on the process of calcification and thus to get a 
deeper insight into this complicated process. 

Since the hard tissues of the continually growing incisors of the rat are 
known to be an extremely sensitive indicator of changes in mineral metabolism, 
it was thought that a study of the changes in the rat incisor following beryllium 
carbonate feeding should contribute to both objectives. At the time this study 
was started, no report on the effect of beryllium carbonate feeding upon dental 
structures was available. In the meantime, Gorlin’® described changes in the 
tissues of the rat incisor which he attributed, in part, to a toxic local effect of 
beryllium. The findings in the present investigation show that histologic in- 
vestigation alone does not permit such an interpretation. It would have been 
necessary to ascertain the presence of beryllium in the morphologically altered 
tissues. An explanation for the findings in the present study is found by 
correlating the changes in the incisor, its supporting tissues, and other organs 
with changes in the blood level of calcium and phosphorus. It could be shown 
that the severity of the changes depends on the amount of vitamin D in the 
diet and the level of phosphorus in blood. 


REVIEW OF THE LITERATURE 


The effects on bone of feeding beryllium carbonate to rats were reported 
by several investigators (see summary, Table I). Guyatt, Kay, and Branion’* 


From Loyola University College of Dentistry and the University of Illinois College of 
Dentistry, Departments of Histology and Oral Pathology. 

2 This investigation was supported in_part by Research Grants D-C-232 and D625, United 
States Public Health Service, from the Division of Research Grants, National Institutes of 
Health, Bethesda, Maryland. 
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found that in young rats the replacing of caleium carbonate by beryllium 
carbonate in Steenbock’s rachitogenie diet produced bone lesions similar to 
rickets. Later investigators, using different diets and various amounts of 
beryllium carbonate in both younger and older animals, were not able to 
demonstrate beryllium rickets consistently. The age of the animals at the start 
of the experiment appeared to be a significant factor. Jacobson*’ reported that 
rats over 100 grams in weight were resistant. Hyslop and associates** were not 
able to produce beryllium rickets in animals 2 to 3 months old. Maynard, 
Downs, and Hodge* observed fewer changes in 99-day-old rats than in animals 
30 and 49 days of age fed 5 per cent beryllium carbonate (Table I). They were 
unable to produce rickets when only 2.3 per cent beryllium carbonate was used. 

Jacobson"? and Kay*® held that rickets produced by the addition of beryl- 
lium carbonate to the diet was a low-phosphate rickets due to the property 
of beryllium to form an insoluble phosphate in the gut, which is not absorbed 
by the intestinal mucosa. They showed that beryllium rickets can be prevented 
by parenteral administration of the sodium salt of glycerosphosphorie acid. 
MecLean*™ similarly showed ‘healing of beryllium rickets in the tibia after 
parenteral administration of sodium phosphate. 


Effects on Dental Tissues.—A careful review of the literature reveals only 
two reports on the effects of beryllium carbonate upon the dental tissues of 
rats. Widdowson refers to the unpublished findings of Glasstone and Robison,® 
who fed pregnant rats a diet containing beryllium carbonate and produced 
rickets. The embryos were small; the tooth germs did not differentiate at a 
normal rate, and the formation and calcification of dentine were markedly 
delayed. 

Gorlin?® fed a synthetic diet containing 3 per cent beryllium carbonate 
and 125 I.U. vitamin D per 100 grams of diet to 27-day-old rats for seven 


weeks and produced severe rachitic changes in both the bones and the teeth. . . 


His experimental animals were smaller than the control animals and became 
moribund in two to seven weeks. The enamel showed no changes, but dentine 
was retarded in formation, and calcification and newly formed bone failed to 
ealeify. The failure of resorption of the osteoid tissue led to a narrowing and 
final obliteration of the periodontal space on the convex side of the incisor. 


MATERIAL AND METHODS 


This study is based on the gross observation and histologic analysis of the 
upper incisor and various organs of seventy-nine white rats of the Sprague- 
Dawley strain (forty experimental animals and thirty-nine littermate pair-fed 
controls; Table II). In addition, studies were made of the calcium and phos- 
phorus blood levels and the beryllium content of different organs. 

The animals were 24 days of age at the beginning of the experiment and 
were divided into two groups. Experimental Group I consisted of twenty 
animals. They were fed a synthetic diet (Table III) containing physiologic 
requirements of vitamin D (300 units per 100 grams of diet) with added 
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TABLE II. Data oN Forty EXPERIMENTAL AND THIRTY-NINE CONTROL ANIMALS FED A 
SynTHETIC Diet Pius 6 Per CENT BERYLLIUM CARBONATE 


NUMBER OF ANIMALS 


EXPERIMENT 1 EXPERIMENT 2 
(300 1.U. VITAMIN D) (2,670 I.U. VITAMIN D) 
DURATION OF {6 PER CENT BERYL-| CONTROL 6 PER CENT BERYL- CONTROL 
EXPERIMENT LIUM CARBONATE | (PAIR-FED) LIUM CARBONATE (PAIR-FED ) 
14 2 2 
20 2 2 
35 2 2 2 2 
49 2 2 2 2 
56 2 2 2 2 
63 2 2 2 2 
70 2 2 2 1 
84 2 2 2 2 
112 2 2 2 2 
138 2 2 2 2 
168 2 2 2 2 


beryllium carbonate (6 grams per 100 grams of diet) for a period of fourteen 
to 168 days. Twenty littermate control animals were pair-fed the same diet 


without beryllium carbonate. 


TABLE III. SyNTHETIC BASAL DIET* 


Per cent 


Vitamin test casein G.B.I. 27.00 
Starch 56.00 
Vegetable oil (hydrogenated) 14.00 
Salt mixture USP No. 2 3.00 
Composition: 
Sodium chloride 4.35 
Magnesium sulfate 13.70 
Sodium biphosphate 8.72 
Potassium phosphate 23.98 
Calcium biphosphate 13.58 
Ferric citrate 2.97 


32.70 
Grams/100 pounds 


Calcium lactate 


Vitamin supplements: 


Carotene in oil G.B.I., Type 39 137.000 
Alpha tocopherol 10.215 
Niacin 27.240 
i-Inositol 13.620 
2-Methyl 1,4, naphthoquinine 0.102 
Pyridoxine hydrochloride 0.953 
Thiamine hydrochloride 0.953 
Riboflavin 0.953 
Calcium pantothenate 2.043 


*Procured from General Biochemical, Inc., 677 Laboratory Park, Chagrin Falls, Ohio. 


In experimental Group II twenty animals were fed the same synthetic 
diet plus 6 per cent beryllium carbonate, but containing high doses of vitamin 
D (2,670 units per 100 grams of diet). The feeding period was again fourteen 
to 168 days. Nineteen littermate control animals were pair-fed the synthetic 
diet only, plus the high doses of vitamin D. 

Measurement of the Rate of Eruption—The rate of eruption was obtained 
by marking the upper incisors at the gingival margin with a carborundum disk. 
One week later the distance that the inscribed mark had moved forward from 
the gingival margin was measured with calipers. 
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Histologic Preparation—The animals were killed by decapitation. The 
heads were split in the midsagittal plane and fixed in 5 per cent neutral 
formalin. Sections of the incisor and the supporting tissues were prepared 
after decalcification in 5 per cent nitric acid and embedding in celloidin. The 
sections were stained with hematoxylin and eosin, Mallory stain, and silver 
impregnation. The organs selected for study were the liver, spleen, kidney, 
lungs, and adrenal, thyroid, and parathyroid glands. These organs were fixed 
in 5 per cent neutral formalin and embedded in paraffin. The sections were 
stained with hematoxylin and eosin. 

Blood Chemistry.*—Blood samples were taken at the time the animals were 
killed. 

Inorganic serum phosphorus determinations were made by employing a 
modification of the technique described by Fiske and Subbarow,’ which per- 
mitted determinations to be made on 0.2 ¢.c. of serum instead of 2.0 ¢.c. called 
for in the original method. 

Serum caleium determinations were made upon pooled samples by the 
method of Collip and Clark.’ 


Beryllium Determinations.t—Determinations of beryllium content were 
made of the lower incisor and supporting tissues, kidney, liver, and feces of 
twenty experimental and control animals by employing the photofluorometric 
technique of Fletcher, White, and Shefter.® 

Findings in Experimental Group I (6 per cent Beryllium Carbonate and 
Physiologic Level of Vitamin D). 

Control Animals.—The pair-fed control animals appeared healthy and ac- 
tive throughout the experiment. The weight curve was similar to standard 
curves of the same strain.‘ 

The blood level of inorganic phosphorus averaged 10 mg. per cent at 59 


days of age (Fig. 1). It gradually decreased to an average of 5 mg. per cent.. . 


at 192 days of age. These figures are in the normal range.°* 

The calcium blood level also was normal, ranging between 9.8 and 10.2 mg. 
per cent. 

The organs studied (kidney, liver, spleen, lung, and thyroid, adrenal, and 
parathyroid glands) showed no pathologie changes. 

The proximal epiphysis of the tibia was of normal width. 

The incisors and supporting tissues were normal in all respects with the 
exception of the enamel-covered dentine, which showed in 50 per cent of the 
animals a slight amount of interglobular dentine. 


Experimental Animals.— 


General appearance: During the first seventy days of beryllium feeding 
the experimental animals looked ill and unkempt. The animals showed im- 
pairment in walking, standing, and breathing. A high arched back and 


*Miss Gertrude Asrou, research associate, Department of Pediatrics, University of Illinois, 


gave assistance. 
+D S. Stewart, Department of Biochemistry, The Presbyterian Hospital, University 
of Illinois Stes of Medicine, supervised the determinations. 


“a 
4 


1290 WENTZ, SCHOUR, AND WEINMANN 
waddling gait were characteristic. The fur was matted and blood stained. The 
eyes were watery, and bloody crusts formed on the nose. The front paws tended 
to ulcerate and bleed about the nail beds. In some the penis showed enlarge- 
ment and dribbled urine, which stained the thighs and abdomen. Some of the 
animals became moribund and then were killed. 

A tendency to bleed, a waddling gait, and ulceration of the paws were 
noted initially in all the animals. After they had reached about 120 days of 
age, however, the animals improved and the changes were much less severe 
despite continuation on the same diet. 


mgs %, 


49 56 70 
DAYS OF EXPERIMENT 


@ control 
experimental 


_ Fig. 1—Graph showing the blood phosphorus levels in the control and experimental 
animals of experiment 1 at time of sacrifice. Note the decrease with age in the amount of 
phosphorus in the control animals and the increase from an abnormal low level to a normal 
level in animals fed 6 per cent beryllium and a physiologic dose of vitamin D. 


Weight gain: During the first thirty-five days the experimental rats showed 
the same normal weight as their pair-fed controls. Both groups attained a 
weight of 110 to 120 grams. After thirty-five days the weight gain of the 
experimental rats tended to come to a halt. At the end of the longest feeding 
period the experimental animals were about one-half the weight of their pair- 
fed littermate controls. 


Phosphorus and calcium blood levels (Fig. 1): In the young experimental 
animals the inorganic phosphorus levels were much lower than in the control 
. animals. Rats 59 to 73 days of age, which had been fed the experimental diet 
for thirty-five to forty-nine days, showed a level of approximately 2 mg. per 
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‘ent. Despite continued experimental feeding, the level gradually increased. 
\t the end of the experiment it had reached 5 mg. per cent, approximately the 
same level as that of the control animals of this age. 

The caleium blood levels ranged between 9.8 and 10.2 mg. per cent and 
t no time showed a significant difference from the control animals. 


Internal organs: The size of the various organs was reduced in the animals 
ed beryllium carbonate but seemed to parallel the smaller size of the whole 
nimal. Otherwise, no gross abnormalities were observed; nor were there ap- 
veciable microscopic changes in any of the organs. The parathyroid gland 
vas not enlarged. The cells of the parathyroid gland of the experimental 
nimals showed no difference in size from the control animals, judged by the 
aethod of Follis, Day, and MeCullum* for estimating the over-all size of the 
ells. 

Tibia: The experimental animals showed a widened radiolucent band 
‘ourteen days after the beginning of the experiment. The widening increased 
us the experiment continued, until the band was four to five times the control 
width in those animals which were killed after fifty-six days of experimental 
feeding. From this time on (80 days of age) the radiolucent band decreased 
in width. After seventy days of experimental feeding and later, the width of 
the epiphyseal plate showed no difference from that of the control rats. 


Beryllium content: No beryllium was recovered from the incisor and its 
supporting tissues, the kidney, and the liver. 


Changes in the Incisor and Its Supporting Tissues.— 


Macroscopic changes of the incisor: Gross examination showed no change 
in the pigmentation of the exposed portion of the incisors. 


Rate of eruption. The average weekly rate of eruption of the upper incisors .. . 
of the control animals was 2.0 mm., with a range of 1.8 to 2.1 mm. The erup- : 
tion in the experimental animals was severely retarded. During the first four 
weeks on the experimental diet, it averaged 1.4 mm. per week, with a range of 
0.8mm. to 1.8mm. After this period the rate decreased sharply, and in most 
of the animals eruption stopped completely after seventy days of feeding. 


Roentgenographic findings before seventy days. In the younger experi- 
mental animals (fourteen to seventy days of feeding) the basal part of the 
lingual dentinal wall was radiolucent (Fig. 3). The radiolucent portion in- 
creased in length in the anterior direction as the experiment progressed, extend- 
ing at seventy days from the basal end to more than one-half the length of the 
ineisor. The silhouette gave the impression of an amputation of the lingual 
dentinal wall at the base. Superpositions of similarly enlarged tracings of the 
roentgenograms and histologic sections showed that the apparent amputation 
was due to lack of calcification of the dentine. 


After eighty-four days. The radioluceney of the lingual dentinal wall 
decreased and was no longer observable in the experimental animals that were 
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on the dietary regime eighty-four days or more. In these animals the pulpal 
cavity had undergone a progressive obliteration (Fig. 4). The surfaces of the 
labial and lingual curvatures were irregular. The extra-alveolar portion of the 
upper incisor was inereased in length and the incisal bevel was blunted. The 


Figs. 2, 3, and 4.—Roentgenograms of skulls of control and experimental animals. Note 


in the incisors in Fig 2 the normal outline of the pulpal cavity in the control animal (81 
days of age); in Fig. 3 the enlarged pulp and radiolucency of the lingual basal dentinal 
wall in experiment 1 after sixty-three days of experimental feeding; and in Fig. 4 the ob- 
literation of the pulpal cavity in experiment 1 after 112 days on experimental diet. 


alveolar bone was less radiopaque than that of the control animals. The radio- 
lueent zone corresponding to the periodontal space was increased in width. 


. Histologic examination showed that this apparent widening was due to lack 
of calcification of the adjacent alveolar bone. 
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Microscopic Changes of the Incisor and Its Supporting Tissues.— 


Enamel: Hypoplasia and aplasia of enamel were early and consistent 
indings, which increased in severity as the experiment progressed. 

Enamel matrix. With prolonged feeding, the enamel matrix showed pro- 
vressively severe degrees of reduction in width (hypoplasia) and even total 
ibsenee of enamel (aplasia). The reduction in width was either localized or 
veneralized. 

Localized hypoplasias. The beginning of the experiment was marked in the 
.namel matrix by an abrupt reduction in width and an irregular surface. The 
matrix was eovered by disorganized ameloblasts (Fig. 6). This site cor- 
sponded to the beginning of a calciotraumatie band in the dentine, which also 
marked the start of the experiment and reflected the severe impact of the 
sudden change from a normal diet to the experimental diet. 

Generalized hypoplasia. A generalized reduction in width of the enamel 
matrix was observed in rats killed after forty-nine to fifty-six days of feeding. 
All four animals in this group were affected. In two animals, the width of the 
matrix 4 mm. from the basal end of the incisor was reduced to approximately one- 
half, measuring 60 » (normal 128 »). The other two animals showed the 
matrix reduced to a thin strip measuring about 4 » (Fig. 7). 

Aplasia. In the animals sacrificed sixty-three, seventy, and eighty-four 
days following the beginning of the experiment, the most recently differentiated 
ameloblasts failed to form any matrix (Fig. 8). 

Partial recovery of matrix formation. The rats that had been on the experi- 
mental diet for 112, 138, and 168 days showed a partial recovery of matrix 
formation in the basal portion of the incisor. The matrix remained reduced 
in thickness, however, and showed accordion-like folding (Fig. 10). 


Ameloblasts. The ameloblasts showed degenerative changes, which varied © « 
in degree with the duration of the experiment. 

The severest damage was seen in animals killed after forty-nine to eighty- 
four days of beryllium feeding. The enamel organ was reduced to one or two 
rows of spindle-shaped cells or was even found to be entirely absent so that 
connective tissue was in direct contact with the vestigial enamel or with dentine. 
These signs of degenerative changes were associated with areas of local hypo- 
plasia, with generalized hypoplasia, or with complete failure to form enamel 
matrix (Figs. 6, 7, and 8). 

A partial recovery of damaged ameloblasts was suggested by the finding, 
in the anterior half of the incisor, of areas of hypoplasia and aplasia which 
were covered by high columnar epithelial cells. 

In the later experimental periods (eighty-four to 168 days) the odontogenic 
epithelium at the basal end of the incisor underwent normal differentiation and 
formed normal enamel matrix. The continued growth of the tooth in the 
absence of eruption led to secondary changes seen as folding of the enamel 
organ, enamel, and dentine (Fig. 10). 
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Figs. 9 and 10.—Photomicrographs showing the basal labial area of the incisor. Note 
the normal configuration of the odontogenic epithelium (EF) in the control (Fig. 9) and the 
folding of epithelium (#), enamel matrix (M), and dentine (D) in experiment 1 after arrest 
of — (seventy days of experimental feeding) in Fig. 10. (Magnification, 130; reduced 
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In some instances the enamel epithelium showed signs of degeneration in 
‘yeas which were not related to areas of enamel hypoplasia or aplasia. Such 
egeneration was apparently due to compression by encroaching osteoid alveolar 
one (Fig. 21). 

Enamel epithelium. The enamel epithelium, which normally does not 
‘ogress to stratified squamous epithelium until it has reached the level of the 
-lveolar erest, showed this transformation in the middle third and finally in 
he basal third of the incisor, This resulted from the retardation and final 
arrest of eruption. 

Epithelial cysts. In the areas of localized hypoplasia, cysts developed be- 
iween the degenerated ameloblasts and the outer enamel epithelium. Because 
ihe eysts remained attached to the enamel surface, they bulged basally as a 
result of the eruption of the tooth. In some instances, the older cysts at the 
level of the alveolar crest were invaded by connective tissue of the alveolar 
periosteum. 

Dentine: The rate of apposition and calcification of dentine was markedly 
retarded. Changes were observed in the width of the predentine, the pattern 
of ealeifieation, and the morphology of the odontoblasts. These alterations 
differed in severity in the enamel- and cementum-covered dentine. 


Enamel-covered dentine: 


Formation and calcification. The beginning of the experiment was mani- 
fest on the labial dentinal wall by a deeply staining incremental band (calcio- 
traumatic line), which could be traced through the incisal third of the tooth 
(Fig. 15). 

The formation and the calcification of dentine showed marked retardation 


at the second week of the experiment. The retarded rate of formation was __ 


evident from the fact that the total width of the dentine was approximately 
one-third that of the control animals as measured at a level 4 mm. from the 
basal end of the tooth. After seventy days, however, the rate of dentine ap- 
position gradually improved. 

Calcification was more retarded than formation. Thus, by the seventieth 
experimental day (Fig. 14) the width of the predentine in the middle third of 
the incisor had increased to as much as 100 ». This was in striking contrast 
with the normal predentinal width of 14 to 16 w (Fig. 11). 

After seventy days of experimental feeding, the rate of dentine formation 
and calcification showed partial recovery. The widened predentine calcified so 
that it resumed its normal width after 112 days of experimental feeding. The 
rate of calcification from this period on paralleled that of formation. While the 
rate of calcification showed improvement, however, its quality remained ab- 
normal. The dentine in this period was still characterized by irregularly 
staining stratification representing accentuated alternations of zones of over- 
and underealeification (Fig. 16). 


Morphology of odontoblasts. The odontoblastie layer was disarranged and 
the pulp showed mucoid degeneration after forty-nine days on the diet. Partial 
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Figs. 15 and 16.—Photomicrographs showing dentinal wall on the enamel-covered side of 
the incisor. Note the calciotraumatic line A which corresponded to the beginning on the ex- 
periment in a rat fed the diet for fourteen days (Fig. 15) and the multiple striations of the 
dentine in a rat fed for 112 days (Fig. 16). (Magnification, «130; reduced %.) 
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ecovery began at seventy days with the disappearance of the signs of mucoid 
egeneration. Even then, however, the odontoblastic layer was only 35 p wide 
s compared with the width of 75 » in the control animals. The subodonto- 
lastie ecell-rich layer was also less prominent than in the control animals be- 
ause of a reduction in the number of cells. 


Cementum-covered dentine: The cementum-covered dentine was more 
oyerely retarded in its formation and ealeifieation than was the enamel-covered 
‘entine. The most severe changes occurred in the basal half of the incisor 
Figs. 11 to 14), 

Formation. Apposition of predentine was diminished at the basal end but 
vogressed at a fairly normal rate in the pre-experimental portion of the 
lentinal wall. The differing rates of dentine apposition in these two areas led 
o the formation of a step in the pulpal outline. The difference in the width 
{ these two areas became accentuated with the duration of the experiment. 
‘hus, after fourteen days the width of the basal predentine was one-half that 
of the more incisally situated calcified dentine (Fig. 12). In the older animals, 
the basal predentine was only one-fourth as wide as the calcified dentine of 
the ineisal portion (Fig. 14). 


Calcification. While apposition of predentine was diminished at the basal 
end, its ealeifieation was entirely lacking. This lack of calcification was evident 
hy the eosinophilia of the predentine in the sections stained with hematoxylin 
and eosin and in the roentgenograms as a radiolucent zone at the basal lingual 
end of the incisor (Figs. 3 and 4). The sharp demarcation of the basal experi- 
mental unealeified dentine from the calcified pre-experimental dentine permits 
this area to be deseribed as a ‘‘lingual basal predentine tail.’’ This tail in- 
creased gradually during the experiment to 8 mm. (normal length is 0.25 mm.) 
after seventy days of feeding (Figs. 11 to 14). 


While the enamel-covered dentine showed improvement in calcification” . 


during the later phase of the experiment, no improvement occurred in the 
cementum-covered dentine. 

In the area of pre-experimental dentine, calcification of the predentine 
proceeded at a normal rate but showed slight changes in calcification manifested 
hy alternating zones of less and more ealeified stripes. 

Morphology of the odontoblasts. Like the normal animals, the experimental 
animals showed a normal differentiation of the odontoblasts in the region of 
the odontogenic organ to a height of 25 ». In the area of dentine formation, 
however, the cells showed a progressive reduction in height down to 4 to 6 p. 
In the area of pre-experimental dentine formation, the odontoblasts were of 
normal height. 


Pulp: 
Changes in size. The pulp eavity was larger than normal up to approxi- 
mately the seventieth day of the experiment (Figs. 12 to 14). This enlarge- 
ment was related to the retardation in dentine apposition and, therefore, to the 
reduetion in the thickness of the dentine wall. 
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Figs. 17, 18, and 19.—Photomicrographs of the periodontal membrane proper (experiment 
1). Compare the width of the normal periodontal space in the control animal (Fig. 17) 
- with the decreased width after seventy days (Fig. 18) and its obliteration after 138 days 
of experimental feeding (Fig. 19). D, Dentine; P, periodontal space; B, alveolar bone; A, 
ankylosis. (Magnification, x130; reduced 
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After eighty-four days, because the apposition of dentine was only retarded 
hut not arrested after eruption had stopped, the pulp was gradually obliterated 
by the accumulation of dentine. Most of the apposition occurred on the enamel- 
covered side, the lingual cementum-covered dentine contributing but little. The 
remaining pulp, therefore, showed a lingual displacement. 
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Fig. 19.—(For legend, see opposite page.) 


Structural changes. In the younger animals (before the seventieth experi- 
mental day), the pulp in the midportion of the tooth showed a reduction in the 
number of cells and a proportionate increase of intercellular material of mucoid 
nature. 


In contrast to the fibroblasts of the normal pulp with their indistinet out- 
line, the fibroblasts in most instances showed a distinet star-shaped cytoplasm. 
Prominent refractile eosinophilic granules appeared within the cytoplasm of 
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some of the fibroblasts. These granules were large and varied in size and num- 
her. This change probably represented a process of cellular degeneration. 
Mitoses of the fibroblasts were more frequent than in the control animals. The 
undifferentiated cells and macrophages appeared to be increased in number. 

The most anterior portion of the pulp consisted of a necrotic plug. Basal 
to this was an area of hyalinized eosinophilic tissue. The cells in this portion 
had pyknotie nuclei. Large numbers of macrophages and polymorphonuclear 
leukocytes were present among the degenerating cells. 

Cementum: Normally the lingual surface of the rat incisor is covered by a 
thin layer of cementum (about 3 » in width), which stains intensely with hema- 
toxylin. In the first seventy days of the experiment the cementum covering the 
‘*basal predentine tail’? remained unealeified and stained intensely with eosin 
(Figs. 12 to 14). 

In consequence of the cessation of eruption, the cementum increased to 
double its normal thickness. The evenly spaced fibers of the periodontal mem- 
brane were anchored in the cementoid as Sharpey’s fibers and gave it a striated 
appearance. After 138 days both the cementoid tissue and the osteoid tissue 
of the lingual alveolar plate increased in thickness and had fused (Fig. 19). 


Alveolar bone: The normal sites of bone apposition showed a newly formed 
matrix, which formed at a fairly normal rate but did not caleify. The resultant 
increase in the width of the osteoid border was observed in the second week of 
the experiment. 

The normal sites of bone resorption showed continued resorption until the 
‘aleified bone present at the beginning of the experiment had been removed. 
The remaining bone, which consisted entirely of .osteoid tissue, apparently re- 
sisted resorption. The alveolar bone thus gradually increased in thickness, 
heeause the continued apposition was not balaneed by resorption. 


Premacillary lingual alveolar bone. In this region apposition of osteoid 
tissue occurred on the periodontal, palatal, and endosteal surfaces. The gradual 
apposition of osteoid tissue led to a narrowing of the periodontal space (Fig. 
18) in animals fed the experimental diet longer than eighty-four days and to 
its obliteration and to ankylosis between tooth and bone in experiments that 
lasted longer than 112 days (Fig. 19). After 168 days calcification improved 
in this point of the bone. This resulted in undermining resorption of the 
calcified portions of the bone. 


Premaczillary portion of the labial alveolar bone. The ealeified bone present 
at the beginning of the experiment had been resorbed after approximately 
fifty-six days on the dietary regime. The premaxillary alveolar plate then con- 
sisted only of osteoid tissue, and resorption ceased. Apposition of osteoid tissue 
continued at the periosteal surface, causing thickening of the bony plate (Fig. 
21). As calcification improved in this part of the bone after 112 experimental 
days, resorption was resumed and the periodontal space attained almost normal 
width in animals fed the experimental diet longer than 138 days. 


Maxillary portion of the labial alveolar bone. Here also apposition of 
osteoid bone on the periodontal side continued throughout the experiment, and 
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Figs. 20 and 21.—Photomicrographs showing the labial alveolar bone in control and 
experimental animals of experiment 1. The surface facing the enamel shows resorption in 
the control animal (Fig. 20). After fifty-six days of beryllium feeding (Fig. 21), the alveolar 
bone (B) is increased in thickness, the space tween alveolar bone and the surface of the 


enamel is decreased, and the enamel epithelium (£) is compressed. (Magnification, 130; 
reduced 
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resorption on the nasal side ceased after the ealcified portions had been removed. 
Eventually the width of the bone was five to six times the normal, measuring 
250 » as compared to the normal 40 yp. 

Maxillary fundic portion. Apposition of osteoid bone on the nasal side 
continued. Resorption was arrested after removal of the pre-experimental 
calcified bone, thus leading to an increase in thickness, until the bony plate 
measured 80 », three to four times the normal width. 

Supporting connective tissues: The supporting connective tissue which 
invests the incisor consists of the periodontal membrane proper, whose fibers 
are attached to the cementum and alveolar bone; the labial alveolar periosteum, 
which fills the space between the enamel epithelium and the labial alveolar 
bone; and the fundie periodontal membrane. 

The earliest changes were noted in the labial alveolar periostum. These 
were followed by changes in the periodontal membrane proper and finally by 
changes in the fundie periodontal membrane. 

Labial alveolar periosteum. In all younger animals (fourteen to seventy 
experimental days) a narrowing and in most instances a localized obliteration 
of the premaxillary labial space were observed. In contrast, the maxillary 
portion of the labial periodontal space showed no significant changes. 

The connective tissue of the premaxillary portion showed hyaline degenera- 
tion. The first hyaline changes occurred in cireumsecribed areas as ovoid 
islands, which fused later and formed a trabecular network. These structures 
tended to compress the blood vessels and the enamel epithelium. The hyalinized 
connective tissue stained similarly to osteoid and contained cells. Subsequently, 
it ealcified and showed osteoclastic resorption in animals fed beryllium for more 
than 112 days. The periodontal space was almost normal in width after 138 
experimental days. 

Periodontal membrane proper. As long as eruption still occurred (prior 
to the seventieth experimental day), the incisal half of the periodontal mem- 
brane proper at the lingual periodontal space was not affected and showed the 
normal arrangement of the periodontal fibers in three layers. The basal half, 
which was adjacent to the unealcified lingual dentine ‘‘tail,’’ showed the 
alterations characteristic of lack of function. Here the regularly arranged 
fibers were replaced by an irregular network of collagenous fibers. 

After forty-nine days of experimental feeding, a narrowing of the perio- 
dontal space resulted from the accumulation of osteoid alveolar bone. The 
greatest reduction occurred in the middle third of the lingual periodontal space, 
which was the site of the greatest deposition of osteoid tissue. After eruption 
ceased (seventy days), the width of the periodontal space showed a progressive 
decrease. In the group on the diet for 138 days, obliteration and ankylosis 
between tooth and bone occurred. 

Fundic periodontal membrane. The fundie portion was normal in the 
experimental period prior to seventy days. With the cessation of eruption, it 
became compressed as a result of the continual addition of dental tissues at 
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the basal portion of the incisor. The degree of compression increased with the 
length of the experiment, until at 168 days the accordion-like folding of the 
odontogenic epithelium encroached upon the adjacent bone trabeculae (Fig. 10). 


FINDINGS IN EXPERIMENTAL GROUP II (6 PER CENT BERYLLIUM AND HIGH LEVEL OF 
VITAMIN D) 


The feeding of beryllium together with a high dose of vitamin D affected 
the same tissues, but produced much milder effects. 

The pair-fed control animals of this group, like those of the first experi- 
mental group, showed no signs of underfeeding or hypervitaminosis D and 
resembled normal animals of their strain in every respect which was investi- 
gated. As in Group I, the only exception to this statement was the presence 
of some interglobular dentine in five of the twenty animals. 


General appearance: The experimental animals were in good general 
health. Throughout the experiment they were alert and active in contrast to the 
experimental animals of the first experiment. 
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Fig. 22.—Graph showing the blood phosphorus levels in the control and experimental 
animals of experiment 2 at the time of sacrifice. Note the parallel decrease of the phosphorus 
level in control and experimental animals fed 6 per cent beryllium and large dose of vitamin D. 
(Compare with Fig. 1.) p 


Weight gain: Both the control and the experimental animals showed a 
continuous inerease in weight. However, the experimental animals grew more 
slowly than the pair-fed controls. 

Phosphorus and calcium blood levels: The blood levels of inorganic phos- 
phorus were the same in the experimental animals and in the control animals 
and resembled those of the control group in the first experiment, that is, they 
decreased from 10 mg. per cent in the young animals to about 5 mg. per cent 
in the older animals (Fig. 22). 
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As in the first experiment, the caleium blood levels showed no significant 
difference in experimental and control animals. 


Organs: There was a slight reduction in the size of the organs in the 
experimental group. Neither control nor experimental animals showed micro- 
scopic changes in kidney, liver, spleen, lung, and thyroid, parathyroid, or 
adrenal glands. 

Beryllium determinations: No beryllium was recovered from the ineisor 
and its supporting tissues, kidney, or liver. In this second experiment, how- 
ever, additional determinations were made to inelude the fecal material, and 
beryllium was recovered from the feces of the experimental animals (average 
1,360 meg. per 150 mg. fecal material). 


Changes in the Incisor and Supporting Tissues.— 


Macroscopic changes of incisor: There was no alteration in the pigmenta- 
tion of the incisors. 


Rate of eruption. The average weekly rate of eruption of the young control 
animals was 2.0 mm., as in Group I. In most of the experimental animals erup- 
tion was the same as in the control animals. In three animals the average 
rate of incisor eruption was 1.0 mm. per week. 

The average weekly rate of eruption of the older control and experimental 
animals between 84 and 168 days on the dietary regime was 2.6 mm. (range 
2.3 to 2.8). 

Roentgenographic findings. As in the first experiment, the experimental 
animals showed a radiolucency of part of the lingual dentinal wall. The radio- 
lucent zone grew in length with the increasing duration of the experiment, 
extended for one-third to one-half the length of the incisor after sixty-two 
days of feeding, but was shorter than in the first experiment. 

In the animals kept beyond this period, the roentgenogram appeared 
normal between eighty-four and 168 days of experimental feeding. 

None of the other gross changes seen in the incisors in Group I were pres- 
ent in Group II, nor did the roentgenogram of the tibia show any changes. 


Microscopic Changes of the Incisor and Its Supporting Tissues.—The 
changes in the second experiment were not nearly as severe as in the first ex- 
periment. Of the calcified tissues, only the cementum-covered dentine showed 
marked alterations, and even these were only transient. Animals fed longer 
than seventy days were practically normal. Changes were observed only in 
those instances in which eruption was retarded. 


Enamel: The enamel of the incisor showed no primary changes in its 
formation, maturation, or pigmentation. 

Secondary changes were observed in three animals which showed retarded 
eruption. The enamel organ underwent compression and degeneration as a 
consequence of the narrowing ot the periodontal space of the labial alveolar 
periosteum. This change occurred in the area where enamel formation was 
completed, 
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Dentine: The enamel-covered dentine showed some retardation in forma- 
tion but only slight alterations in calcification. The cementum-covered dentine 
showed a much more severe retardation in formation and calcification. 


Enamel-covered dentine: 


Formation and calcification. The beginning of the experiment was marked 
by a ealeiotraumatie line. 

A retardation in the rate of dentine formation was evident from the fact 
that the dentine in the experimental animals was approximately one-third 
thinner than that of the control animals. In animals fed longer than seventy 
days, however, the rate of dentine formation was the same as in the control 
animals. 

The predentine was of normal thickness, indicating that calcification of 
dentine was within the normal range. This is in sharp contrast to the extreme 
widening of predentine and the dentine stratification in the first experiment. 


Morphology of odontoblasts. The odontoblastie layer showed a reduction 
in height corresponding to an area of increased intercellular mucoid material 
in the pulp, which was most prominent in the animals on the experimental 
diet from forty-nine to fifty-six days. In animals fed the experimental diet 
longer than sixty-three days, the odontoblasts appeared normal. 


Cementum-covered dentine: 


Formation. Deposition of dentine was retarded in that portion of the den- 
tinal wall which corresponded to the ‘‘basal predentine tail.’’ It progressed 
at a fairly normal rate in the portions of the dentinal wall located ineisally 
to the ‘‘basal predentine tail.’’ The different rates of dentine apposition in 
the basal and the anterior portions of the tooth led to the appearance of an 
abrupt step in the pulpal outline. These changes were seen in animals killed 


after twenty to seventy days of experimental feeding and are similar to the: . 


changes observed in the first experiment. However, after sixty-three days and 
for the remainder of the experiment, calcification improved. With the improve- 
ment in calcification, the apposition of dentine also improved and proceeded 
at a normal rate, in contrast to the continued retardation in the first experiment. 


Calcification. The lack of calcification of the basal third of the incisor led 
to the appearance of the ‘‘basal predentine tail.’’ It was most prominent in the 
animals on the experimental diet for from twenty to forty-nine days (average 
5mm.). After approximately eight weeks, when calcification began to improve, 
the length of the ‘‘basal predentine tail’’ decreased to 3.6 mm. Calcification 
in the ninth week extended farther basally, and by the end of the ninth week 
the length of the ‘‘basal predentine tail’’ had decreased to 2 mm. Animals 
killed after sixty-three to 168 days of the experiment showed normal ealeifiea- 
tion of dentine, unlike the animals of the first experiment, which did not show 
improvement, 


Morphology of odontoblasts. During the experimental periods of twenty 
to fifty-six days the reaction of the odontoblasts was similar to that seen in the 
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first experiment; they differentiated normally but, with the formation of the 
first predentine, decreased in size from the normal height of 25 » to 6 » In 
the animals that had been on the diet for fifty-six to seventy days the odonto- 
blasts recovered to normal size in those areas where calcification of the ‘‘pre- 
dentine tail’’ had oceurred. In the animals that had been on the experimental 
diet for eighty-four days or longer, all odontoblasts had recovered to normal 
height. This again is in contrast with the first experiment, in which no recovery 
of the odontoblasts had occurred. 


Pulp: 


Changes in size. As in the first experiment, the pulp cavity was larger 
than normal up to approximately the seventieth day of the experiment. The 
increased size of the pulp was related to the retardation in dentine apposition. 
After eighty-four to 168 days of experimental feeding, the size of the pulp 
cavity decreased. It returned to normal size coincident with the improvement 
in the rate of dentine formation and retained normal size from then on. This 
is in contrast with the findings in the first experiment, where the pulp was 
gradually obliterated as a consequence of the arrest in eruption of the incisor. 


Structural changes. Up to the seventieth experimental day the pulp in 
the midportion of the tooth showed a reduction in the number of cells and an 
increase of intercellular material of mucoid character. This was most prominent 
between twenty and fifty-six days, and after this it gradually decreased until 
it was only slight in the animals fed the experimental diet longer than seventy 
days. 

Cellular changes like those seen in the first experiment, such as the ap- 
pearance of refractile, eosinophilic granules within the cytoplasm and _ star- 
shaped outline of the fibroblasts, were observed in four of the twenty animals. 
As in the first experiment, the incisal portion of the pulp consisted of a necrotic 
plug and there was a larger number of polymorphonuclear leukocytes than in 
the control animals. 


Cementum: Up to forty-nine days of experimental feeding, the cementum 
covering the ‘‘basal predentine tail’’ was not calcified, but the cementoid layer 
was not increased in thickness. The cementum and the basal predentine showed 
simultaneous signs of recovery in calcification, beginning at forty-nine days. 
Calcification of cementum was normal in animals sacrificed after sixty-three to 
168 days. 


Alveolar bone: At the normal sites of bone apposition the formation of 
bone seemed to proceed at a normal rate. In some of the younger animals on 
the experimental diet for twenty to fifty-six days, however, calcification tended 
to be slightly retarded. The width of the osteoid seam was wider than normal 
at some of the sites where bone was growing rapidly. In the animals fed 
beryllium for a longer period, the osteoid seam was of normal width. 

In the normal sites of bone resorption, bone was removed at a normal rate. 
The only instances of failing resorption were on the periodontal surface of the 
maxilla in three animals that had been fed the experimental diet for thirty-five 
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to forty-nine days. The cessation was due to hyalinization of the connective 
tissue of the periodontal membranes and led to its partial obliteration. In 
zroups fed the experimental diet for seventy days, the hyalinized connective 
tissue ealeified and appeared as small islands which showed signs of resorption 
by osteoclasts. In the animals on the dietary regime for eighty-four to 168 
days, resorption of alveolar bone occurred normally. 


DISCUSSION 


The present investigation showed that the addition of beryllium carbonate 
io the diet resulted in a failure in calcification of the mesenchymal hard sub- 
stanees and an inereased thickness of epiphyseal plates in a group of rats on 
physiologic vitamin D requirements (300 I.U. per 100 grams of diet). These 
symptoms constitute a severe rachitic syndrome. In a group of animals which 
received a high but not toxie dose of vitamin D (2,670 LU. per 100 grams of 
diet), mild rachitie symptoms resulted (Table IV). Gorlin’® showed that rats 
fed a diet containing 3 per cent beryllium earbonate and 125 I.U. vitamin D 
per 100 grams of the basal diet developed also a severe rickets. At this low 
level of vitamin D ingestion, however, his animals became moribund between 
the fourth and seventh weeks after the beginning of the experiment. 


TABLE [V 


EXPERIMENT 1 EXPERIMENT 2 


| 14-70 pays | 84-168 pays | 20-70 pays | 84-168 pays 
No. of animals 12 8 12 8 
Epiphyseal plate Widened Normal Normal Normal 
Phosphorus level 2 mg. % 5 mg. % 10 mg. % 5 mg. % 
Weekly eruption of Retarded Arrested 2 mm. 2.3-2.8 mm. 
incisors 
Dentine formation Retarded Improved Retarded Normal 
Dentine calcification Retarded Improved Cementum cov- Normal 
ered 
Retarded 
Enamel a Folding Normal Normal 
Aplasia 
Pulp Mucoid degen- Obliterated Normal Normal 
eration 
Alveolar bone Retarded Slightly re- Slightly re- Normal 
calcification tarded tarded 


The Mechanism of Beryllium Rickets.— 


Local toxic effects of beryllium: Determinations in internal organs and 
incisors of experimental Groups I and II and feces of Group II showed beryl- 
lium to be excreted with fecal material and to be absent from the tissues. These 
findings supply evidence for the opinion held by Jacobson** and Kay and 
Skill? that beryllium fails to be absorbed from the intestine. The intake of 
exeess vitamin D does not make any difference in this respect. 

It must be eoneluded, contrary to the view expressed by Gorlin,’® that the 
changes noted in the dental tissues and the supporting bone are caused by the 
presence of beryllium in the intestine but not by the presence of beryllium at 
the sites which show experimental changes. 
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The assumption of Jacobson’? and Kay and Skill*®® that the rachitie syn- 
drome produced by feeding beryllium is due to interference with the absorption 
of phosphorus from the intestine is confirmed by the phosphorus blood level 
determinations in experimental (iroup I. These showed a reduction to one- 
fifth of the value of the control animals. It is possible that this interference 
is due to the formation of an insoluble beryllium-phosphate complex, as these 
authors believe. 

Action of vitamin D:; The experimental treatment of Groups I and IT was 
identical except for the different vitamin D supplements of the diets. The 
results of these treatments were alike in permitting normal calcium levels, 
normal histologic appearance of the internal organs, and absence of recoverable 
beryllium in the organs and also in the incisors. However, beryllium feeding 
with physiologic doses of vitamin D led to exceedingly low phosphorus levels, 
an excess of vitamin D kept the phosphorus blood level in the normal range. 
In the former case, a severe degree of rickets resulted; in the latter, a 
subclinical degree of rickets resulted in some animals. 

The total phosphorus deposition in the skeleton and the total dietary intake 
of phosphorus must be presumed to have been smaller in Group I than in 
Group II. Either better intestinal absorption or decreased renal excretion of 
phosphorus might account for the higher phosphorus blood levels in the second 
group. Increased intestinal absorption of calcium and phosphorus is an effect 
usually aseribed to vitamin D. Weinmann and Sicher** were led to assume 
an additional effect of vitamin D in promoting tubular resorption of phosphates 
hy the kidney, being in this respect antagonistic to parathyroid hormone. The 
present study does not permit us to state which of these two actions was 
effective in keeping the phosphorus blood levels high in the high-vitamin D 
group. 

A third, local action of vitamin D may have been additionally responsible 
for the better calcification of the dental structures in the second experiment.” ** 


Effects of beryllium feeding in relation to age of animals: To fit the con- 
clusion that rickets produced by beryllium feeding is the result of a phosphorus 
deficiency, the severity of the symptoms ought to be related to the degree of 
the phosphorus deficit. This was seen to be the case when Groups I and II were 
compared, It is also found to hold when one follows the degree of disturbance 
in each group with advancing age. 

A rat at weaning has a phosphorus blood level of about 10 mg. per cent. 
By 6 months of age, the normal level has decreased to 5 to 6 mg. per cent. <A 
similar decrease with age has been observed in human children. It is evident 
that in the normal rat or child the phosphorus level at any age permits calcifica- 
tion to keep pace with the rate of skeletal growth. Calcification of the incisor 
at weaning age must be adapted to a phosphorus level of 10 mg. per cent and 
at 6 months of age to a phosphorus level of 5 mg. per cent, although the rate 
of matrix deposition has remained similar. 

In the experimental animals, the severity of the defects in calcification 
paralleled the diserepaney between the phosphorus values found and _ those 
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typical for the age group. Thus, only slight disturbances at any time were seen 
in Group II, in which the levels were in the normal range for each age group. 
In Group I the phosphorus values were initially only a fraction of the normal 
values, and the disturbances in ealcification were severe at this time. Later on, 
‘he phosphorus values reached the normal level, and at this time recovery from 
ill reversible symptoms was observed. 

It is clear that beryllium feeding in the concentrations here used did not 
abolish all absorption of phosphorus but only reduced the amount which could 
ec absorbed. In the older animals, for which a lower phosphorus blood level is 
the norm and in whieh the rate of skeletal growth is slow, the amount of 
phosphorus available fer absorption may be enough to maintain a normal blood 
level despite the presence of beryllium. When this is the case, beryllium feed- 
ing should not produce the symptoms of rickets. This is probably the reason 
why Jaeobson,*? Kay and Skill,?° and also Maynard, Downs, and Hodge,” were 
unable to produce beryllium rickets in older animals. 


Effects Upon the Incisor and Supporting Tissues.— 


Effects upon enamel: There are conflicting reports in the literature re- 
garding the oceurrence of enamel hypoplasia in clinical and experimental 
viekets. Karshan and Rosebury,’® Lobeck,?? and Weinmann and Schour* re- 
ported normal formation and calcification of enamel. Becks and Ryder,' on 
the other hand, reported hypoplasia of the enamel in animals that had been 
on a rachitogenie diet for four weeks. According to Irving,’* enamel hypoplasia 
did not oceur in rickets produced by the usual rachitogenie diet high in calcium, 
low in phosphorus, and deficient in vitamin D. After starvation and reimposi- 
tion of the rachitie diet, however, enamel hypoplasia occurred. 

The present experiments indicate that the presence or absence of enamel 
hypoplasia in rats is dependent upon the severity of rickets; that is, in the 
present case, upon the degree of reduction of available phosphorus. 

In animals of comparable age, the length of the unealcified ‘‘basal pre- 
dentine tail’’ of the cementum-covered dentine may be used to assess the 
severity of rickets under different experimental conditions. Using this measure, 
it may be coneluded that the degree of rickets produced in Weinmann and 
Schour’s*’ animals, which did not show enamel hypoplasia, was milder than in 
(iroup I of the present experiment. The length of the ‘‘tail’’ in their animals 
was 1.8 mm. as compared with the length of 8.0 mm. in the first experiment 
reported here. 

In the animals of Group I, hypoplasia or aplasia of the enamel was a 
regular finding. In the second experiment, on the other hand, formation and 
calcification of enamel were undisturbed. The absence of enamel hypoplasia 
in Weinmann and Schour’s animals, as well as in our Group II, seems to con- 
firm the assumption that the influence upon enamel is dependent upon the 
severity of the rachitie changes. 

Effects upon dentine: The dentine showed signs of rickets in both experi- 
ments. 
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In the severe type of the disease, when the blood phosphorus was reduced 
to one-fifth of its normal level, the dentine on both the lingual and the labial 
walls showed the typical rachitic changes, characterized by lack of calcification. 
This was manifest in (a) the extremely wide predentine layer of both the 
enamel- and cementum-covered dentine and (b) the excessive length of the 
basal predentine of the cementum-covered dentinal wall of the tooth. 

Differences in the susceptibility of these two areas became apparent in mild 
eases of rickets. A striking difference in the behavior of the lingual cementum- 
covered dentine and the labial enamel-covered dentine was noticed. Only the 
cementum-covered dentine showed the typical signs of rickets. The enamel- 
covered dentine was reduced in thickness but gave no evidence of a deficiency 
or lag in ealeification. In other experiments similar differences in the behavior 
of the two sides of the incisor have been observed causing an acute ealcio- 
traumatic response.* 

Animals surviving beyond the tenth week showed a general recovery. The 
experimental group suffering only a subclinical type of rickets, in which dentine 
formation and calcification had initially been slightly retarded, showed subse- 
quently a complete recovery of the dentine. 

The group with severe rickets, although showing improvement in formation 
and calcification of the dentine with age, had suffered severe secondary changes 
due to arrest of eruption, so that a total recovery was impossible. The most 
interesting finding was again the difference in the behavior of the enamel- 
covered and the cementum-covered dentine. The latter remained in its un- 
calcified state, but calcification of the labial predentine did oceur and was 
followed by the deposition of layers of fairly well-formed and calcified tissue. 

The initial depression and later resumption of dentine formation and 
ealcification may be related to the size of the odontoblasts during these two 
stages. While dentine formation and calcification were severely retarded, the 
odontoblasts had a height of only 4 to 6 ». In the older group, when recovery 
was established, the odontoblasts were found to be of normal height. 


Alveolar bone: Apposition and resorption in the alveolar bone of the rat 
ineisors are intimately related to the gradual increase in size of the continually 
erupting tooth.*° While the changes in the animals with subclinical rickets 
were insignificant, the severe disturbances in animals fed only physiologic 
vitamin D doses led to lack of calcification of the newly formed osteoid tissue. 
The resistance of osteoid tissue to resorption prevented widening of the socket 
on the labial wall of the premaxilla. Since the resorption of bone in this area 
makes room for the increased size and curvature of the erupting incisor, failure 
of resorption is an obstacle to the eruption of the tooth, first leading to com- 
pression and degeneration of the labial periodontal tissues and then preventing 
eruption altogether. Once eruption has ceased, changes on the lingual wall of 
the premaxillary part of the socket become more and more apparent. Here 
apposition of bone and cementum proceeds until ankylosis by fusion of the 


osteoid and cementoid tissues results. 


*Injection of fluorine, injection of calciferol,® injection of parathyroid extract,’* 
and following bilateral nephrectomy.” 
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SUMMARY 


This report is based on the histologie and chemical study of the effect of 
beryllium carbonate (6 per cent) in a synthetic diet given weaned rats of the 
Sprague-Dawley strain for periods of fourteen to 168 days. One group of 
twenty animals was given the physiologic requirement of vitamin D, and an- 
other group of twenty animals was given an excess but not toxie dose. Thirty- 
nine littermates were pair-fed as controls. 

The following results were observed : 

1. Beryllium was found in the feces but not in any of the organs or the 
incisor. 

2. The blood level of phosphorus fell to an average of 2 mg. per cent in 
the beryllium-carbonate-fed rats on physiologic doses of vitamin D. The phos- 
phorus levels gradually inereased despite continued experimental feeding and 
averaged 5 mg. per cent in animals 192 days old. 

3. The blood phosphorus levels were normal in the animals on high doses 
of vitamin D. 

4. The blood calcium levels were normal in all animals. 

5. The epiphyseal plate of the tibia was increased in width in rats fed 
physiologie doses of vitamin D and was of normal width in animals fed high 
doses of vitamin D. 

6. The changes in the incisor and its supporting tissues indicate severe 
rickets in the animals on physiologic vitamin D and mild rickets in the animals 
on an excess dose of vitamin D. 


The severe rachitic syndrome consisted of enamel hypoplasia and aplasia, 
severe retardation in the formation and calcification of dentine, failure of 
newly formed bone tissue to ealeify, and resistance of such bone tissue to re- 
sorption. These changes were progressive up to approximately the seventieth » 
day of the experiment. Partial recovery occurred in older animals. Secondary 
to the resistance to resorption of uncaleified bone, there were narrowing and 
obliteration of the periodontal space, arrest in eruption of the incisor, folding 
of the odontogenic epithelium, enamel, and dentine, and pulpal obliteration 
due to continued dentine apposition. 

In the mild form of beryllium rickets, the disease was confined to animals 
under 3 months of age and to the following symptoms: the rate of dentine 
apposition was slightly retarded and calcification of lingual dentine was im- 
paired. The alveolar bone showed only a slightly widened osteoid seam. 


Grateful acknowledgment is made to Dr. Julia Meyer and Dr. Harry Sicher for criticism 
and advice and to Mr. William M. Winn, biological photographer, for help in the preparation 


of photomicrographs. 
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PROFESSIONAL NEWS ITEMS 


American Academy of Dental Medicine 


The thirteenth midannual meeting and luncheon of the American Academy of Dental 
Medicine will be held at Hotel New Yorker on Sunday, Dee. 7, 1958. Participants in the 
afternoon scientific session, which will begin at 2 o’clock, will be the following: 


Lewis Fox, D.D.S., Columbia University and Graduate School of Medicine, 
University of Pennsylvania. The title of his paper will be “Handling of 
the Gingival Tissue During Restorative Dental Procedures.” 

Henry M. Goldman, D.M.D., Graduate School of Medicine, University of Penn- 
sylvania. His paper will be entitled “The Behavior of Gingival Tissue in 
Alterations of Local Environment.” 

Maury Massler, D.D.S., College of Dentistry, University of Illinois. The title 
of his paper will be “Gingival Morphology and Physiology.” 


All members and interested dentists and physicians are cordially invited to attend. 
For reservations and copies of program, please address Dr. Nathan Wachtel at 36 Central 
Park South, New York 19, New York. 


American Academy of Oral Pathology 


The American Academy of Oral Pathology announces that the examination for 
elevation to Fellowship in the Academy will be held April 17, 1959, at the University of 
Minnesota, Minneapolis, Minnesota. Applications for the Fellowship examination may be 
obtained from Dr. Robert J. Gorlin, Secretary-Treasurer, American Academy of Oral 
Pathology, School of Dentistry, University of Minnesota, Minneapolis, Minnesota. No 
applications will be accepted after Jan. 1, 1959. 


American Institute of Dental Medicine 
Case History Service 


The Institute continues to offer case histories from the broad field of dental medicine 
for the year 1958-1959. These will include original 35 mm. Kodachrome slides of pathologie 
conditions of the oral cavity and jaws, accompanied by pertinent laboratory findings, 
medical background, roentgenograms, photomicrographs, diagnostic criteria, and whatever 
else may be indicated in each individual case, with a “general discussion” of the disease. 
A loose-leaf binder and matching Kodachrome slide box will be furnished. | The fiscal year 
of the Institute runs from October 1 to September 30. 

This monthly service was initiated in 1952 and has met with outstanding success. 
During these six years it has provided a total of 925 one-year subscriptions and the histories 
were accompanied by 148 Kodachrome slides. 
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The subscriber to this ease history service is entitled to full membership in The 
American Institute of Dental Medicine. Members of the A. D. A. and the A. M. A., or 
their foreign equivalent, are eligible to apply. Due to the great demand for this service, it 
is recommended that those interested subscribe at an early date for immediate delivery. 
\n index of the various diseases covered during this period will be mailed upon request. 
Complete series for the years 1953 to 1958 are still available; unfortunately, the series for 
1952-1953 is out of print. 

For further information, address all communications to the secretary, Mrs. C. 
Novembri, 2240 Channing Way, Berkeley 4, California. 


International Academy of Oral Pathology 


Recognizing the need for a greater interchange of knowledge and concepts between 
peoples of different nations, the International Academy of Oral Pathology has been formed 
to serve this purpose. 

This organization has as its aim the pursuit of scientific knowledge, to which end 
periodic international conferences are planned to discuss theories, concepts, and research 
endeavors relating to oral disease. 

Fifty Fellows will ultimately constitute the entire organization, and membership in 
the Academy will be by invitation. A founding group of seven internationally dis- 
tinguished oral pathologists have accepted Fellowship in the Academy and are actively 
engaged in the discussion of procedural policies. 

Colonel Joseph L. Bernier, D.C., U.S.A., Chief of Oral Pathology, Armed Forces Insti- 
tute of Pathology, Washington, D. C., will serve as secretary and will, from time to time, 
announce further activities of the organization. 


Thirty-Fourth Greater New York Dental Meeting 


The Greater New York Dental Meeting, recognized as one of the largest in the world, 
will be held at the Hotel Statler, New York, New York, Dec. 8 to 12, 1958. This meeting 
is sponsored by the First and Second District Dental Societies under the direction of Dr.’ , 
Adolph G. Wagner, General Chairman. Participants from all over the United States, Can- 
ada, and across the seas will bring the latest in professional techniques, scientific researches, 
and knowledge of diagnosis and treatment. 

Some highlights of the meeting will be discussions of high-speed and ultrasonic tech- 
niques; dental health research exhibits from hospitals, colleges, and the Armed Services; 
and a television program through the courtesy of the Bureau of Medicine and Surgery of the 
U. S&S. Navy. 

Further information may be obtained from Mrs. Mabel Purdy, Executive Secretary, 
Room 106A, Hotel Statler, New York 1, New York. 


Northeastern Association of Dental Editors 


The Northeastern Association of Dental Editors is sponsoring its second annual dental 
writing conference on Friday, Dee. 12, 1958, at the New York Academy of Sciences, 2 East 
Sixty-third St., New York, New York. The program will be divided into morning and 
afternoon sessions. Registration begins at 9:30 a.M., and the program will end at 5 P.M. 

Further information can be obtained by writing to Dr. Bruce L. Douglas, chairman, 
93-08 Queens Blvd., Rego Park 74, New York. 
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Mount Sinai Hospital 


The Dental and Oral Surgery Service of The Mount Sinai Hospital in New York City 
announces that it is accepting applications for internships and residency for the calendar 
year beginning July, 1959. Application should be made as soon as possible, since selections 


are generally made in December. 
Please respond to Dr. Max Fuchs, Assistant Director, 11 East 100th St., New York 29, 
York. 


New 


University of Alabama School of Dentistry 


Four refresher courses will be presented during the month of January, 1959: 


The Recognition, Identification, and Treatment of Oral Disease. Colonel Joseph 
L. Bernier. January 10-12. 


High-Speed Techniques. Adeeb E. Thomas, D.M.D. January 16-18. 


Periodontology for the General Practitioner. Saul Schluger, D.D.S. January 
24-26. 


Oral Roentgenology. Arthur H. Wuehrmann, D.M.D. January 30—February 1. 


For further information, please write to the Director, Refresher Course Program, 
University of Alabama School of Dentistry, 1919 Seventh Ave. South, Birmingham, 
Alabama. 


Boston University 


The Oral Pathology Section announces a one-week course in oral pathology, Jan. 12 
to 16, 1959. The purpose of this course is to acquaint the oral surgeon with the tissue 


changes occurring in the various oral manifestations commonly encountered in the practice 
of oral surgery. The course will include lectures, seminars, and the projection of micto- 
scopic slides of the various conditions. The clinical aspects of the case will be discussed 
and correlated with the microscopic findings. It will be under the direction of Drs. Henry 
M. Goldman, Kurt Thoma, and Jack Bloom. The enrollment fee is $200.00, 


Application may be made to the Department of Stomatology, Massachusetts Memorial 
Hospitals, Boston, Massachusetts. 


University of Minnesota 


The second annual course in advanced oral pathology will be given during the week 
of April 20 to 24, 1959. The course consists of both lectures and laboratory work. The 
subjects and faculty will be as follows: 


Tumors of the Skin. Dr. Herbert Z. Lund. 

Tumors of Soft Tissues. Dr. Raffaele Lattes. 

Skin Dermatoses. Dr, Robert Goltz, 

Non-neoplastic Diseases of the Jaws. Dr. William Shafer. 
Tumors of Bone. Dr. David C. Dahlin. 

Radiation Pathology. Dr. Donn Mosser, 

Advanced Roentgenographic Diagnosis. Dr. Edward Stafne. 
Salivary Gland Pathology. Dr. Anand Chaudhry. 
Odontogenie Lesions. Dr. Robert Gorlin. 


The tuition will be $65.00. The course is limited to fifteen persons. Housing for the 
five days will be approximately $15.00. Those interested should immediately contact Dr. 
Robert J. Gorlin, Chairman, Division of Oral Pathology, School of Dentistry, 242 Owre 
Hall, University of Minnesota, Minneapolis 14, Minnesota. 
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New York University College of Dentistry 


The Department of Endodontia will offer a forty-hour postgraduate course next 
March on new developments in the treatment of vital and nonvital teeth. 

Participants in the course may attend morning and afternoon sessions for one week 
r morning sessions only for two weeks. The lectures and demonstrations will begin on 
Monday, March 9, 1959. All classes will meet in the College’s recently acquired ten-story 
yuilding at 421 First Ave. in Manhattan. Dr. Morris Auerbach, chairman of the Department 
f Endodontia, and members of the Department’s postgraduate staff will give the course. 

Further information can be obtained by writing to the Postgraduate Division, New 
York University College of Dentistry, 421 First Ave., New York 10, New York, 


Northwestern University Dental School 


The following postgraduate courses are announced: 

Recent Advances in Medicine of Interest to the Dental Practitioner. Nov. 17-19, 
1958. Joseph C. Calandra, Richard W. Tiecke, Zbigniew Z. Godlowski, 
Robert R. J. Hilker, Jacques M. Smith, and Donald E. Casey. Tuition, 
$100.00. 

Clinical Features of Oral Lesions. Dee. 1-3, 1958. Richard W. Tiecke, Hamilton 
B. G. Robinson, Robert F. Christopher, Howard B. Adilman, and Donald 
E. Casey. Tuition, $100.00. 

Current Concepts in Operative Dentistry Applied to Daily Practice. Dee. 1-3, 
1958. Arne F. Romnes, Eugene Bodmer, Eugene W. Skinner, James K. 
Betty, and Don W. Palmer. Tuition, $100.00. 

Thomas L. Gilmer Memorial Lecture. Jan. 21, 1959, 3 P.M. Thorne Hall, 
Superior St. at Lake Shore Dr. Speaker: Bjérn Hedegird, Dr. Odontol., 
Visiting Associate Professor of Dental Materials; Associate Professor and 
Head of the Department of Prosthetics, Royal School of Dentistry, Umea, 
Sweden. Title: “Bone and Tissue Changes With Immediate Dentures.” No 
tuition. 

Basic Oral Surgery. Feb. 2-6, 1959. Orion H. Stuteville, Warren R. Schram, 
Harold L. Harris, Robert F. Christopher, Kenneth W. Penhale, Benjamin J. a 
Gans, Howard B. Adilman, and Donald E. Casey. Tuition, $200.00. » 

Newer Concepts in Periododontics. Feb. 2-6, 1959. Max Gratzinger, Stanley C. 
Harris, Irvin T. Harris, Marjorie Houston, and Harold T, Perry. Tuition, 
$150.00. 

A Practical Approach to the Use of Gold Foil. Feb. 2 and 3, 1959. Arne F. 
Romnes, Eugene Bodmer, Paul H. Dawson, and Eugene W. Skinner. Tuition, 
$100.00. 

Endodonties. Feb, 25-27, 1959. F. D. Ostrander, Stanley C. Harris, and Marjorie 
Houston. Tuition, $100.00. 

Major Oral Surgery—A. March 2-13, 1959. Orion H. Stuteville and Robert B. 
Shira. Tuition, $500.00. 

Intermediate Oral Surgery. March 16-20, 1959, Orion H. Stuteville, Warren R. 
Schram, Harold L. Harris, Robert F, Christopher, Kenneth W. Penhale, 
Benjamin J. Gans, Howard B. Adilman, and Donald E. Casey. Tuition, 
$250.00. 

Complete Denture Procedures in General Practice. March 30-April 2, 1959. A. H. 
Grunewald, Bernard J. Eggerman, Robert B. Peters, and Kenneth F. Schmitt. 
Tuition, $150.00. 

Major Oral Surgery—B. April 6-10, 1959. Orion H. Stuteville, Warren R. 
Schram, Harold L. Harris, Robert F. Christopher, Kenneth W. Penhale, 
Benjamin J. Gans, Howard B. Adilman, and Donald E. Casey. Tuition 


$250.00, 
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Prosthetic and Orthododontic Rehabilitation, for the Cleft Palate Patient. April 
6 and 7, 1959. Orion H. Stuteville, Harold Westlake, Kenneth R. Bzoch, 
Morton S. Rosen, Frank W. Pirruccello, and Sheldon W. Rosenstein. Tuition, 
$75.00. 

High-Speed Instrumentation in Operative Dentistry. April 15 and 16, 1959. Arne 
F. Romnes, John A. Anderson, and Herbert C. Gustavson. Tuition, $125.00. 

Pedodontics. April 15 and 16, 1959. George W. Teuscher, Norman H, Olsen, Philip 
H. Suess, Charles R. Carpenter, Sheldon W. Rosenstein, Henry Fineberg, and 
Judith Wood, Tuition, $100.00. 

The Use of Drugs in Dental Practice. April 29-May 1, 1959. Stanley C. Harris, 
Warren R. Schram, J. Roy Doty, and Ardelle C. Lane. Tuition, $75.00. 
Diagnosis, Roentgenography, and Treatment Planning. May 4 and 5, 1959. Dan 
Y. Burrill, Joseph C. Calandra, Richard W. Tiecke, and Donald T. Waggener. 

Tuition, $75.00. 

Edmund Noyes Memorial Lecture. May 6, 1959, 3 p.M. Thorne Hall, Superior St. 

at Lake Shore Dr. Speaker to be announced. No tuition. 


For further information, write Director of Dental Postgraduate Study, Northwestern 
University Dental School, 311 E. Chicago Ave., Chicago 11, Illinois. 


Medical College of Virginia 


The following courses will be presented in 1958-1959: 


Oral Surgery, March 2-4, 1959. 

Oral Diagnosis, March 9-13, 1959. 

Periodontology, March 16-18, 1959. 

Anatomy of the Head and Neck, March 16-20, 1959. 

Dental Roentgenography (for auxiliary personnel), April 6-10, 1959. 


Additional information can be obtained by writing Dr. H. T. Knighton, Director of 
Postgraduate Instruction, School of Dentistry, Medical College of Virginia, Richmond, 
Virginia. 


ABSTRACTS OF CURRENT LITERATURE 


ANESTHESIOLOGY 


Evaluation of Patients for General Anesthesia in Oral Surgery. G. G. Pritchard, R. M. 
Lenahan, and R. Cabanas. Bull. Millard Fillmore Hospital, Buffalo, New York 5: 87, 
1957-1958. 


This report is based on a study of 166 patients who were admitted to the hospital 
for an oral surgery procedure under general anesthesia from September, 1956, to June, 


1957. 


SUMMARY AND CONCLUSIONS 


“Of 166 patients scheduled for oral surgery and evaluated as to surgical risk, four 
were rejected. Of those admitted, seven had to be treated on another service before oral 
surgery was undertaken. Many systemic abnormalities were found in apparently healthy 
individuals, often unknown to the patient prior to admission. When it was deemed neces- 
sary, these patients were referred for subsequent treatment.” 

“Some postoperative complications were encountered; however, these were success- 
fully treated and all patients were discharged in good condition. All but ten of the 161 
patients operated upon were discharged on the day of the operation or on the following 
day. The majority of them were able to ingest a liquid diet on the day of the operation. 
Patient’s records were summarized on a chart.’’ 

“The value of the practice of hospitalizing patients for oral surgical procedures 
under general anesthesia we believe is apparent in this series. The thorough preopera- 
tive evalyation of the patient, made possible by the combined hospital facilities and_ 
consultant services, disclosed many unsuspected systemic abnormalities, and certainly * 
tends to obviate delayed recovery, unexpected complications, or disastrous results.” 


T. J.C. 


ORAL PATHOLOGY 


Fibrous and Granulomatous Lesions of the Jaw Bones. C. A. Waldron. Am. J. Surg. 
94: 877, December, 1957. 


The term fibrous dysplasia is applied to fibro-osseous enlargements of a developmental 
nature. There seems to be an arrest of growth when skeletal growth ceases. The radio- 
graph discloses that the process tends to be diffuse and poorly limited. 

Ossifying fibroma is a tumor which arises in the spongiosa; it is well circumscribed 
and may be encapsulated. 

The radiograph discloses a sharply circumscribed radiolucent defect containing small 
radiopaque areas. 

Osseous dysplasia is a term applied to a typical bone pattern usually found about the 
apexes of teeth and is often called cementoma. 

The giant-cell tumor is considered to be one of the more controversial lesions found 
in the jawbones. The term giant-cell lesions is used here. 


T.J.C. 
1321 


a 
3 
| 


O.S., O.M. & O.P. 
November, 1958 


ABSTRACTS OF CURRENT LITERATURE 


1322 


Swellings of the Jaws. R. W. Scaroff and A D. Thomson. Brit. J. Surg. 45: 512, March, 
1958. 
According to the authors, the mandible and the maxilla offer a more confusing 
variety of tumors than other bones in the body. Admitting that any classification may 
be hazardous, they offer the following: 


A. Tooth Structure B. Skeletal Tumors 
1. Dental eyst 1. Bony tumors 
2. Dentigerous cyst (a) Osteoma 

3. Fibrous odontoma (b) Osteosarcoma 


to 


(a) Cementoma Cartilaginous tumors 


(b) Dentinoma (a) Chondroma 
. Composite odontoma (b) Chondrosarcoma 
3. Giant-cell tumors 


+ 


. Adamantinoma 


C. Soft Tissue Within Bone 
1. Fibrous tissue 

(a) Fibroma 

(b) Ossifying fibroma 

(c) Fibrosarcoma 
2. Blood vessels 

Hemangioma 
3. Nerve tumors 

(a) Neurofibroma 

(b) Neurinoma 

(c) Neurofibrosarecoma 
4. Marrow cells 

(a) Myeloma 

(b) Ewing’s tumor 

(c) Reticulum-eell sarcoma. 


An Unusual Cartilaginous Tumor of the Symphysis of the Mandible. J. J. Angelo and 
G. W. T. Beatzel. Plast. and Reconstruct. Surg. 21: 231, May, 1958. 


The case of a 56-year-old white woman who had a rapidly growing tumor in the 
midline of the mandible is reported. The tumor was hard and fixed to the bone; it pre- 
vented the patient from wearing a full lower denture. Following surgical removal, the 
tumor was sent to the pathologic laboratory and a variation of microscopic interpretations 
was received. 

The authors emphasize the different diagnosis by different pathologists, which in- 


cluded: chondrosarcoma, grade II, chondroma; salivary gland tumor; chondromyxoid 
fibroma; giant-cell tumor and central fibrosarcoma. 

The case history and laboratory data were sent to the Armed Forces Institute of 
Pathology. The diagnosis: both a possible symphysial chondroma and a low-grade symphys- 
ial chondrosarcoma. 


T.J.C. 


